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For the past decade, the Federal Aviation Administration (FAA)
has undertaken the task of implementing a capital investment
plan that addresses the ever-changing demands of the aviation
industry. This eighth edition of the National Airspace

System (NAS) Plan reflects the major accomplishment of the FAA
as it shifts from system design and acquisition to system
implementation. Despite these major accomplishments more will
be required to meet the challenges that are continuing to face
the aviation community today. The current capital investment
outlook has grown to include many initiatives, such as the
expansion of some of our major airports and the addition of a
new one.

In order to refocus and present the FAA's plan for future
requirements and modernization of the NAS, this will be the
last year of the NAS Plan in its current form. New initiatives
to meet the changing demands of the user community are the
impetus for the new 1990 capital investment plan.

The new plan will incorporate changes in approach, format, and
thrust. Development of a new plan will be a major undertaking.
However, it is my objective to have it published by mid-1990.

our goal is for a continued safe and efficient National Airspace
System as it transitions into the 21st century.
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number of aircraft operations, number of aircraft,
enplanements, diversity of operations, DOD
operations and sophistication of aircraft will place
unprecedented demands on the NAS. Meeting this
challenge requires improved and expanded services,
additional facilities and equipment, improved work
force productivity, and the orderly replacement of
aging equipment.
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In December, 1981, the Federal Aviation Admin-
istration (FAA) chartered a comprehensive NAS
Plan for modernizing and improving air traffic
control and airway facilities services through the
year 2000.

This is the the seventh annual update of the NAS
Plan. The Plan addresses the compelling problems of
how best to improve safety and efficiency, accommo-
date spiraling demands for aviation services, deal
with the problems of aging or obsolete facilities,
recognize the users desires for minimal restrictions
on the use of the airspace, allow for a reduced
Federal role, and create a foundation for continued
evolution which exploits newer technologies and
developments obtained through continuing research.
The recurring theme throughout the Plan is that the
solution lies in greater use of automation, con-
solidations of major facilities, and application of cost
effective technological solutions.

The FAA has made substantial progress in imple-
menting the Plan. Projects which replace obsolete
equipment are complete or well underway. Growth
at many locations has been accommodated by the
deployment of added capabilities. Real productivity
gains have been achieved.

However, increases in system capacity demands
created by deregulation, further development of the
centralized hub principle by several airlines, and
NAS Plan schedule changes have resulted in the
need to reexamine the operational, technical, and
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activity which will be completed in a specific time
period. The Plan is evolving into a document which
identifies activities envisioned for the future and
which can be expected to be modified as progress,
time and technology sharpen our understanding of
future needs. New to the Plan is a chapter
recognizing the significant role DOD plays in air
traffic control as both a user and a provider. Projects
have been added to this year’s plan to meet growing
operational needs in the Chicago area, to increase
capacity at locations with closely spaced parallel/
converging runways, to improve logistics, and to
upgrade communications and surveillance perform-
ance.
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On the horizon are those longer term evolutionary
changes which will dramatically improve the air
traffic control and air navigation system in terms of
safety, capacity, and economy. The specific improve-
ments, required long term capabilities, and the
planned system evolution essential to flight safety
and economy are evolving in a measured but well-
ordered and rational manner. Benefits to the taxpay-
ers and users of the NAS are substantial and achiev-
able.

Anticipated long range advances in computer,
communication, and satellite services currently in
research and development may facilitate new and
more automated control concepts, remove fixed-
routing constraints, and provide high levels of civil
aviation system safety, reliability, and capability for
future aircraft types such as tiltrotor, supersonic, or
hypersonic. New satellite communication and navi-
gation facilities will support more flexibility in en
route navigation and permit satellite transmission of
voice/data communications. They will also provide
suitably equipped aircraft with supplemental or sole
means of navigation for nonprecision approach
guidance in oceanic or remote areas where it is not
currently available.
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outstanding record of operational safety and
efficiency. Prior to the 1980’s, improvements in tech-
nology or innovations in procedures were imple-
mented in a manner that principally remedied
localized operational problems that already had or
were expected to occur. System evolution involved a
series of piecemeal adjustments and improvements.
This evolution produced a mixture of equipment of
varying technological generations and types. As a
result, the system of 1980 was expensive to operate
and maintain, expansion capability was limited, and
adaptability to changing requirements was difficult.

What had been missing was a plan for evolution de-
signed to implement National Airspace System im-
provements which met stated goals and objectives.
The National Airspace System Plan for Facilities,
Equipment and Associated Development, first issued
in 1981 and revised annually per congressional
request, satisfied the need to define the orderly and
rational evolution of the system as a whole.

Since 1981 substantial progress has been achieved in
executing these new directions. The contents of this
year’s Plan reflect these achievements and FAA’s
best judgments on future actions still required to
modernize the National Airspace System in accord-
ance with previous Plans. Additionally, this docu-
ment contains plans for other capital needs which
have previously been unforeseen.
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desires for minimal restrictions on the use of the
airspace, allow for a reduced Federal role, and create
a foundation for continued evolution which exploits
newer technologies and developments obtained
through future research).

The Plan provides near-term improvements to solve
immediate problems, but, equally important, these
improvements are taking place as part of an orderly,
planned evolution. On the horizon is a modern,
automated network of facilities and equipment in
which the latest levels of available technology are
integrated into a coordinated system for air traffic
control and air navigation. The results will be the
replacement of outdated tube-type electronic equip-
ment with solid-state devices and the addition of
more equipment to meet current and future needs for
existing services. NAS modernization will assure
safe and efficient transportation for all who use and
depend upon the National Airspace System and
provide the foundation for sustained improvement.

Planning and system design fully recognize the
presence of the large number of military air traffic
control facilities that provide services within the
NAS to civil and military aircraft alike. Moderniza-
tion efforts recognize the continued need for these
military facilities and the need for efficient inter-
action with those of the FAA. Planning also re-
cognizes the need for the NAS to provide a number of
unique services to military aircraft and the necessity
of the NAS to be responsive to national defense
requirements.



the level at which 1t will proceed.

GOALS

The central objective of this Plan is to provide for the
safe and efficient use of the Nation’s airspace, while

minimizing constraints on its use.

Specific objecti-

ves include:

Having an operating National Airspace System
in place that meets the national aviation demand
at the time it is required.

Accommodating increasing demand in a way
that allows airspace users to operate with a
minimum of artificial constraints and with fuel
efficiency.

Reducing operational errors by 80 percent
between 1984 and 1995. Techniques for more
accurate classification and counting have been
developed.

Reducing risks of midair and surface traffic col-
lisions, landing and weather-related accidents,
and collisions with the ground.

Increasing air traffic controller and flight specia-
list productivity by a factor of at least two by the
year 2000, compared with 1980. The productivity
goal in the year 2000 is 10,982 operations per
position per year.

Reducing the technical staff required to main-
tain and operate the modernized and expanded
system by one-third by the year 2000, compared
with 1980. By the year 2000 the technical staff is
expected to be 7,735.
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premises were considered to be logical and valid
assumptions. Some of these assumptions have not

occurred as expected.

Examples of these

assumptions are:

Aviation demand will grow significantly during
the next 20 years.

Air carrier routes and services will reflect a
better balance between trip frequency and cost
than would be the case under a closely regulated
system.

The commuter airline industry will be affected
by deregulation for several more years. Antici-
pated growth will require many years of adjust-
ment before routes and schedules stabilize. The
number of commuter operators is expected to
decrease slightly over the period.

Growth in business use of [IFR equipped general
aviation will continue. Significant growth in
turbopowered aircraft will result in increased
operations above 12,500 feet. This growth is
expected even though both fixed and variable
costs of operating aireraft are increasing.

The number of general aviation aircraft will in-
crease.

System limitations on any class of users' right-of-
access to the system should be imposed only
when no other recourse is available to ensure the
common good. Any such restrictions should be
removed as soon as possible and not be
considered a final solution. However, to gain
access to the system, individual users must
comply with conditions applicable to all classes
of users and essential to the safety and efficiency
of the system.



called traffic alert and collision avoidance
system (TCAS), will be available. "See-and-be-
seen" operations will continue.

Most major airports have limited expansion
capability due to physical, environmental, air-
space, runway, and/or landside limitations. Few
new large commercial service airports are antici-
pated. These factors will continue to impose
capacity constraints at many large and medium
hub airports.

A limited amount of additional capacity will be
achieved primarily through reduction in separa-
tion standards resulting from technological
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has had positive impact on the airspace strue-
ture, and follow-on activity is, therefore, likely to
affect this Plan.

Fuel will be available. The only fuel constraint
used in developing the demand forecast in this
Plan is that of price.

ATC services within the NAS will continue to be
provided by a mix of civil (FAA) and military air
traffic control facilities. The military approach
controls, control towers, and other facilities will
provide service to civilian and military aircraft
alike.



retiecting senior management policy discussions,
goals, and objectives.

Necessary changes are developed in a structured
change control process where they are reviewed by
knowledgeable evaluators for technical, cost, and
schedule impacts. All recommended changes are
ultimately decided by the NAS Configuration
Control Board. Approved changes are then added to
the Plan.

The update process also includes a review of current
services, system capabilities, equipment, and plans
along with projections of required services, future
technology, and forecasts of traffic demand and mix.

® Major Program Ptans
® Research & Development Plans
# Budget Submissions
® Plan Critiques;
GAQ, OTA,DOD
© Nationa! Plan of integrated
Airport Systems
4 ® National Airspace Review
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consistent within each system element and between
system elements, and, most important, compatible
with the agency's goals. This process is depicted in
the following illustrations.

Consideration is given to the necessary expansion of
the system to meet anticipated future demands, pro-
vide improved safety and services, reduce operating
tosts, and modernize and replace aging facilities and
equipment through the year 2000.

The revised Plan reflects revisions to the status of
each project and incorporates the results of further
planning, studies, and decisions that were made in
the past year.
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describes the system activities that support the tran-
sition and evolution from today’s NAS into the end
state systems described in Chapters III through VII
of the Plan. Chapter IX contains a brief summary of
the Department of Defense (DOD) interaction with
the NAS. Each section pertaining to a major element
of the NAS contains a narrative description of the
system as it existed prior to implementation of any of
the NAS Plan projects.

The evolution of the system is described as it existed
at the end of the initial efforts (1981-1985), near
term (1985-1990), and long term (1990-2000) periods.’
The evolution is also shown in evolution diagrams
which indicate the relationships between projects
and systems.

The description is further illustrated by a series of
maps depicting changes through the so-called
"snapshot" years: 1981, 1985, 1990, and 2000. This
is followed by short discussions, graphs, and charts
indicating the effects of implementation of the Plan

project. dSome projects may be F&ll acquisitions ol
existing technology or off-the-shelf systems that do
not require R&D efforts. Others may require R&D
efforts for the development of systems or software.
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support contract in February 1984. Under the
contract, the SEI contractor shares with FAA the
mission responsibility for implementing the NAS
Plan within budget and on schedule. The SEI
contractor is providing program management
support to the NAS Program Director, system
engineering support for the design, integration, and
transition planning, and in-depth technical assis-
tance to the individual managers of the NAS Plan
projects.

Successful completion of the NAS Plan projects
requires intensive management attention and the
application of disciplined system engineering and
management principles. The FAA and SEI contrac-
tor have established the organization, procedures,
and processes to monitor and control the technical
and financial aspects of the total NAS program.
These controls include cost, schedule, risk analysis,
benefits analysis, and configuration management
accomplished through the use of supporting auto-
mated systems.

A master schedule system has been established. The
schedule status of projects, reflected in this edition of
the NAS Plan, is derived from this system.

Due to the size and complexity of the NAS moderni-
zation program, the system engineering tasks have
been divided into three principal elements:
functional design, allocated design, and the tran-
sition plan. The functional design was completed
and baselined in October 1984. This baseline docu-
ment defines the NAS architecture and provides a
functional description of facilities and their
interdependencies. The design allocates functions to
subsystems based on operational requirements.
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issues requiring resolution, added capability, and an
overview for the affected facilities during several
iterative configurations. A draft plan has been
released, and the plan will be updated annually.

A result of the transition planning was the
development of accelerated enhancements required
to meet current capability and reliability concerns in
the operational NAS. These enhancements, which
are contained in Chapter VIII, include several
initiatives to support current NAS operational,
technical, and personnel requirements. A significant
initiative supports the development of a Human
Resource Management Plan which will provide the
basis for managing the expected staffing, training,
and relocations required to implement the NAS
Plan.

In conjunction with the system level design and
transition planning, an integration test plan has
been developed to define the system integration
tasks that should be performed at the FAA Technical
Center. The plan defines test configurations for
laboratory resources to verify that the performance
requirements have been met before systems are
implemented in the field.

Extensive project-level technical support is also
being provided by the SEI contractor. This includes
independent verification and validation of software,
technical assistance in subsystem specification
development, and monitoring of individual develop-
ment contracts. SEI contractor resources have been
established at all regional offices, all ARTCCs, the
FAA Technical Center, and the Aeronautical Center.



skills, training programs, support equipment,
maintenance facilities, transportation, handling,
packaging, and other support requirements. Imple-
mentation of NAILS is governed by the NAILS
Master Plan which provides specific requirements,
describes tasks, and identifies responsibilities.

prior to field deployment. To date we have completed
the review for 16 projects of which the more notable
are the ASR-9, PAPI, D-BRITE, ATIS, HIWAS, and
ARTSIIA

[-9



R&D F&E \/ LAST IMPLEMENTATION

SYSTEM IMPROVEMENT/CAPABILITY

O CONVERGENCE OF PROJECTS TO A SPECIFIC MILESTONE

Project Schedules: Chapters III through VIII include schedule diagrams for each specific project. These
diagrams include R&D and F&E activities where appropriate. The following legend provides a guide for the
reader’s use when reviewing project schedules.

LEGEND:
- FAA HEADQUARTERS AND/OR

FAA TECHNICAL CENTER ACTIVITY
® COMPLETED MILESTONE

o PROJECTED MILESTONE

w3 ESTIMATED MILESTONE FIELD ACTIVITY
BEYOND CY 2000 -
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controller work stations-(i.e., sector suites) will
increase capacity and availability.

@ Higher levels of automation will improve safety,
fuel efficiency, and produectivity.

En route and terminal radar approach control
facilities will be consolidated into area control
facilities (ACF) with most hardware and software
elements identical. The central computers will be of
the same family, and sector suites used will be
identical.

Within each ACF, the advanced automation system
(AAS) will have computer processing capability
distributed between common processing equipment
and the iridividua!l sector suites. Sector suites will
provide a new environment in which air traffic
controllers function more effectively. In a typical
sector suite, multiple displays will provide a plan
view of the air traffic and weather situation; alpha-
numeric flight and weather data and other aero-
nautical information, such as notices to airmen; and
traffic planning data including the ability to probe
the system for conflict-free, fuel-efficient flight
paths. Sector suite processing capability and the
designed reduced capability and emergency modes of
the AAS will ensure that required surveillance,
flight data, and weather information are available at
the particular controller position.

The advanced functions of automated en route air
traffic control (AERA) will be added in incremental
steps. Direct fuel-efficient route planning, flow plan-
ning, and traffic management will be added before
strategic planning and full tactical clearance
generation. During the period of the Plan, computer-
generated clearance messages, weather, and flight
information will be transmitted directly to aircraft
via data link.

CONSOLIDATION AND STANDARDIZATION

Substantial productivity gains and reduced costs will
be realized through consolidation. By the year 2000,
en route and terminal radar approach control
functions will be consolidated into area control
facilities. The consolidation will transform all en
route centers and 188 terminal radar approach
control facilities into less than 30 major air traffic
control facilities. Supporting airport traffic control
towers will remain in place and will be supported by
advanced processing and display capabilities.

System standardization will establish a family of
FAA automation, display, and communication sys-
tems that provide a wide range of benefits and cost
reductions. System standardization reduces lifecycle
costs due to common operations and maintenance
techniques, common engineering and staff support,
lower investment in development and procurement,
and common logistics and training support.

[-11



AERA 3 functional concept document completed.
VSCS prototype system contracts awarded.

En Route Automation Hardware Improvements
Project completed.

Integration of nonradar approach control into
radar facilities completed.

CA/MCI operational at all 20 facilities.

DARC enhancement mosaic software
operational in 16 of the 20 CONUS ARTCCs.

Conflict Resolution Advisory contract awarded
for en route facilities.

OFDPS contract awarded.
TMS system specification approved.
ARTSIIIA Assembler completed.

ODAPS equipment delivered and being tested at
New York ARTCC and Oakland ARTCC. -

[-12

ARTS II displays installed.

Additional ARTS IIIA memory implementation
completed.

Enhanced Terminal Conflict Alert implemen-
tation nearly completed.

Additional ARTS IIIA support at the FAA
Technical Center completed.

ARTS II Interfacility Interface with ARTCCs
completed.

ARTS II Interface with MODE S/ASR 9
production and factory tests completed.

10/20 Channel Recorder implementation begun.
ETG displays installed at ARTS III locations.

ATIS Recorder implementation completed.
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stop” service for weather, flight plan filing, and
information about system status (delays,
outages, etc.).

® Greatly improved aviation weather services will
increase safety and be tailored to meet individual
needs.

By the year 2000 the system will have the capability
to provide the majority of flight services directly to
pilots without specialist intervention. The system
will also provide weather data base access to
specialists on an interactive basis.

An enhanced weather position operated by a mete-
orologist will be located in each area control facility.
Aviation weather collection, processing, and dissemi-
nation will be improved. The intent is to provide
current aviation weather information throughout
the National Airspace System for pilots, center and
tower controllers, flight service specialists, and
traffic management personnel.

Automatically composed, routine en route and
terminal weather will be broadcast to pilots over a
national VOR network with coverage down to 2,000
feet above the terrain.

Automated weather information will be available
via data link to pilots down to 12,500 feet mean sea
level and at designated terminal areas by 1994,
Coverage will be extended down to 6,000 feet mean
sea level by the year 1996. Request/reply will be
provided as well as the transmittal of significant
meteorological reports.

FSDPSs and 39 AFSSs). Model 1 Full Capacity
contract modification completed.

IVRS became operational.
International and domestic CNS operational.
HIWAS project completed.

EFAS contract awarded and implementation
initiated.

LLWAS basic implementation complete.
Contracts awarded and implementation initiated
for 6 sensor improvements and LLWAS network
expansion.

GOES project completed.

RRWDS completed.

CWP project replanned. RWP specification
completed.

AWOS commercial systems contract awarded.

ICSS Phase IA contract awarded. Phase I
completed.

Aeronautical Data Link Processor (DLP)
contract awarded.

WMSC Replacement contract awarded.
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works providing required coverage with a
reduced number of separate facilities and at
reduced cost.

® Microwave landing systems (MLS) will replace
instrument landing systems (ILS) and provide
multiple, curved, and segmented approaches and
selectable glide angles.

® A discretely addressable surveillance capability
(Mode S) with an integral data link will replace
the present ATC radar beacon interrogator
systems at most terminal and en route sur-
veillance sites.

The ground-to-air system, based on a networking
concept, will provide nationwide service and
coverage for surveillance, navigation, and voice and
data link communications. Adequate coverage will
be assured and additional navigation and sur-
veillance provided as traffic demands warrant.

En route surveillance coverage, as traffic density
requires, will be provided down to 6,000 feet msl or
minimum instrument flight rules altitude (which-
ever is higher) and to the surface of qualifying air-
ports. The network is comprised of solid-state en
route and terminal search and beacon systems.
Department of Defense requirements at joint surveil-
lance sites will be met by using a national perimeter
of new three-dimensional minimally attended radar
systems.

Search radar will be retained for FAA weather and
air traffic control requirements through the 1990’s.
Weather detection provided by en route search radar
will gradually be replaced by the next generation
weather radar (NEXRAD).

By 1994 Mode S and data link coverage will be
provided down to 12,500 feet msl and to the surface

facilities) will be added in a limited number for new
navigation qualifiers only.

Solid-state ILS components will be installed to meet
maintainability requirements.

En route and flight service station (FSS) voice
communications coverage will be provided down to
2,000 feet above terrain. Terminal voice communi-
cations will be provided to the surface at designated
airports. Existing and future radio-frequency
requirements will make conversion of ground and
airborne systems to 25 kHz spacing necessary.

ACCOMPLISHMENTS
® ARSR 4 contract awarded.

® ARSR tube-type upgrade first implementations
completed. .

® ASR9implementation has begun.

® Mode S contract awarded and four units under
test.

® VOT and ILS component replacement and com-
munication consolidation being implemented.

®_ ASDE first production units completed.

¢ NEXRAD operational support facility
established.

® TDWR contract awarded.
¢ ILSproject completed.

¢ NDB project completed.
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The total network will provide a communication
system at significantly lower operating costs.

There will be a mix of owned and leased switch-
ing and transmission facilities.

Both terrestrial and satellite transmission
facilities will be used.

Existing microwave links will be replaced with
highly reliable, low-maintenance equipment.

Teletypewriter replacement complete.

RCE contracts awarded.

Fiber optic, RF link tests, RF link specifications,
and equipment selection criteria for airport tele-

communications completed.

NADIN II contract awarded.
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® (Consolidation of work centers and manned
facilities.

® Lower staffing levels made possible by remote
maintenance monitoring.

® Lower support costs for FAA-owned housing and
plant facilities.

® Improved field training via computer-based
instruction.

Flight inspection expenditures will be contained
through:

® Consolidation of flight inspection field offices.

® Modernization of the FAA aircraft fleet and
flight inspection capabilities.

The objective is to provide improved services at less
operational costs by modernizing the flight
inspection program and by implementing the
Maintenance Program for the 1980s.

The following are representative of these programs:

® The flight inspection modernization program
replaces the current aircraft fleet with fuel-
efficient aireraft, provides an automated flight
inspection system, upgrades associated services,
and improves the process.

® The Maintenance Program for the 1980s is a
significant commitment to modify maintenance
practices and consolidate the location of work
stations, thereby reducing staffing require-
ments.

I

for costly government housing and support
services at certain remote areas.

ACCOMPLISHMENTS
® AF sectors have been reduced from 115 to 79.

® MPSs have been purchased (38) and installed
and enhancements initiated.

® GNAS MCC and ARTCC MCC prototypes have
been established.

® VOR/VORTAC equipped with RMM have been
installed.

e ARTS III PCS contract awarded. Field installa-
tion is underway.

® FIFOs have been consolidated (seven to five).

® NARACS backbone is complete and implemen-
tation of the Eastern and Western networks
initiated.

® System engineering and integration contractor
is on board and providing support for implemen-
tation of the NAS Plan.

® Action underway to provide 3-level weather data
on ARTCC controller displays.

e Heliport established in support of the General
Support Laboratory at the FAATC.

® Aircraft Fleet Conversion/Flight Inspection
Modernization Project completed.

¢ Navigational computer units and spectrum
analyzers delivered for update of flight in-
spection aircraft fleet.

32
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requirements of the INAD. bHoth near-term and long-
term efforts are discussed, with varying levels of
maturity associated with each effort. Project matu-
rity is proportional to expected implementation
dates.

Long-term efforts require additional analysis before
decisions are final. They have been included to ac-
quaint the reader with FAA perceptions on future
needs. As other aeronautical research and techno-
logy initiatives mature, current plans may change
and additional plans for capital expenditures may be
developed.

ACCOMPLISHMENTS
® Contract awarded for supplemental ILS systems.

® Specification for parallel runway monitors under
development.

¢ Learning stations (GFE) provided to AAS
contractor.

® Fuel storage tank clean-up effort started.

® Telecommunications support effort started
implementing airport telecommunications.

TRANSITION

Planning and system design of the NAS must be
responsive to the broad combinations of technical,
operational, and human resource capabilities which
are in turn, responsive to the needs of the user com-
munity. In transition to the long-range objectives of
the NAS Plan, the continued safe and efficient
operation of the ATC system must be maintained.

The transition chapter, with new content in this
year’s publication, supplements the NAS Plan long-

the national air commerce system.

The projects in Chapter VIII are printed on blue
pages, as are those in Chapter VII, to distinguish
them as an adjunct to the NAS Plan.

The projects listed in Chapter VIII complement
projects in Chapters III-VI by providing the means
to achieve the advances forecast in those projects.

ACCOMPLISHMENTS

¢ Southern California Terminal Airspace
Realignment complete.

® Los Angeles Basin Service Consolidation
underway.

¢ Planning initiated for a new airport at Denver,
Colorado.

® Planning started for modernization of airspace in
Dallas/Ft. Worth, Texas.

® Planning/engineering underway for Chicago
area improvements.

¢ HRM action plan published.

DOD/FAA OPERATIONS

The Department of Defense (DOD) plays a large role
in the NAS as a provider of Air Traffic Control (ATC)
services and a major user of all NAS ATC services.
The DOD is substantially affected by and must be a
full participant in the NAS Plan. Chapter IX
describes the DOD goals, assumptions, and planning
activity relating to their interface with the FAA
NAS Plan activities.
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ning; and advanced tecnnological development and
evaluation.

The plan has been developed by representatives of
FAA in cooperation with representatives of the
aviation industry and the flying public. It contains
projects similar in appearance to those of the
National Airspace System Plan for Facilities, Equip-
ment, Associated Development and Other Capital
Needs (F&E), but addresses the larger area of
research, engineering, and development interests.
Projects contained in the NAS Plan for F&E, which
have research and development components, are
included in the FAA Plan for R,E&D. Additionally,
R,E&D activity which may yield systems and
equipment to be included in future editions of the
NAS Plan for F&E are also contained in the R,E &D
Plan.

ROTORCRAFT MASTER PLAN

The FAA Rotorcraft Master Plan defines the
requirements and associated research and develop-
ment efforts relating to producing facilities, airborne
equipment, and procedures designed to solve the
specific problems encountered by rotorcraft. These
efforts will build upon the systems used for fixed-
wing aircraft. Results will provide a cost-effective
approach to meet the needs of both aviation users.

the National Alrspace oystem. 1he National Plan of
Integrated Airport Systems is prepared in
coordination with the NAS Plan. It is published
every two years. The next publication is scheduled
for December, 1989.

THE ENHANCED NATIONAL AIRSPACE
REVIEW

The National Airspace Review (NAR) is a cooper-
ative effort between Government and industry to
improve the safe and efficient use of the Nation’s
airspace. The original efforts of the NAR have been
completed, and its scope has been expanded to
include a review of the airspace, procedural, and
regulatory aspects of scheduled improvements
envisioned under the modernization of the National
Airspace System (NAS), and it is now identified as
the NAR Enhancement Plan.

The National Airspace System Plan identifies
capital improvements needed to safely meet the
projected demands on air transportation between
now and the year 2000. The NAR Enhancement
Plan, in relationship to the NAS Plan, focuses on
airspace and procedural aspects of the air traffic
control system for the purpose of identifying the
long-term operational considerations of, and poten-
tial adjustments to, an enhanced system as it
evolves. To accomplish this, the NAR Enhancement
Plan is conducting additional in-depth studies to
identify, analyze, and document recommended
changes which will be assessed to establish validated
requirements for the system. This effort will provide
the operational framework for a smooth transition
into the next generation NAS with an accelerated
realization of benefits. The work of the NAR was
completed in late 1984 and the work of the NAR
Enhancement Plan commenced in early 1985.
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1uaAad (trarfic alert and collision avoidance
system) will provide independent airborne
backup to the separation function of the air
traffic control system.

A major computer/data processing system
(including a new sector suite and new system
software) will be procured. The new system will
support en route and terminal functions and
allow for consolidation.

The highest practical level of air traffic control
automation will be implemented.

A modernized traffic flow management process
will be implemented.

Secondary surveillance radar (SSR) Mode S, with
its integral data link, will replace the air traffic
control radar beacon system (ATCRBS) at most
locations.

A new weather radar network will be provided
for the air traffic control system. It will include
NEXRAD and a terminal radar weather channel
(ASR9).

A terminal Doppler weather radar system will be
provided where needed to detect microbursts and
wind shear in the path of landing and departing
aircraft.

FAA will proceed with upgrading ARTS II and
ARTSIII (automated radar terminal system).

A major improvement and integration of the
FAA communications system will be imple-
mented.

The automated flight service station system will
be implemented, along with a major improve-
ment in weather services to users.

® PFAA will proceed with extensive consolidation of
facilities and the removal of the impact of
artificial system boundaries on users.

® A major system engineering and integration
contractor was employed to assist the FAA in the
accomplishment of the the NAS Plan.

® A national technical support services contract
was awarded to augment the Regional workforce
and supplies in NAS Plan project accomplish-
ment.

IMPLICATIONS FOR FAA PERSONNEL

The NAS Plan efforts will not only result in
increased safety, user efficiency, and significant
economies, but also in increased job satisfaction for
FAA personnel. Both adequate capital resources and
the personal commitment of field, center, regional,
and headquarters employees are essential for the
successful implementation of the Plan. The
individual involvement of ATC specialists and AF
technicians is necessary for optimum operating
systems. FAA personnel should expect implemen-
tation of the Plan to enhance job satisfaction by
replacing processes based on obsolete technology and
routine repetitive manual tasks with ones supported
by automation and the latest technology.

Some of the more notable implications for ATC
specialists are:

® Improved traffic flow planning and manage-
ment, resulting in a more balanced workload.

® Reliable equipment, which minimizes the stress
of equipment failure.

® Easier access to more timely data, allowing for
improved service to the flying public.



specifications, leading to improved interaction
and information transfer between team
members.

® Automation of certain procedures to reduce
workload.

® Enhanced displays with color and improved
weather data.

The more significant implications for AF technicians
are:

® Upgrading of individual skills to match the
current technology.

® Improved analytical tools for more effective
diagnosis and repair.

® Automation of maintenance/monitoring techni-
ques to reduce workload.

® Improved field communications capability.

¢ Emphasis on human factors engineering for less
manpower-intensive maintenance.

Increased flexibility in routing.

Although no additional equipment will be required
for most new services, users will need to purchase
certain avionics related to TCAS, Mode S data link,
MLS, and 25 kHz communications in order to maxi-
mize their benefits. The cost of these avionics will be
borne by the user.

The following new requirements are anticipated to
permit full participation in the system:
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ILS will be supplemented with, and subseque-
ntly replaced by MLS where needed. Airborne
equipment will be needed to use this new service,
with the need for a number of aircraft to carry
dual ILS/MLS avionics during the transition.

It is expected that pilots who wish to receive full
ATC service in all controlled airspace will need
720-channel VHF communications capability in
their aircraft.



tions will be accommodated with a minimum of
constraint and with the highest practical fuel effi-
ciency. Dynamic flow management will reduce air-
borne delays.

EQUIPMENT BASE

Automation, navigation, surveillance, and landing
system equipment will employ up-to-date techno-
logy. Like functions will utilize like equipment. A
national network of facilities based on actual
demand patterns and maintenance requirements
will be in place. An efficient communications net-
work will support individual facilities.

CONSOLIDATION

Fewer major manned control facilities will be
required. Remote facilities will also be consolidated.
Unique facilities as well as unique equipment types
will be eliminated. The consolidation of facilities will
reduce overhead costs. The logical grouping of
compatible services using standardized communi-
cations, computer, and display elements (where
practicable) will achieve efficiency and economy.

NAS PLAN BENEFITS

The completion of the National Airspace System
Plan will bring about operational cost efficiencies
and productivity gains. Implementation of the Plan
will offset the FAA costs required to meet increasing
demands of air traffic growth in a system which will
be otherwise inadequate to handle them. These
offsetting effects will allow the FAA to operate the

the typical life cycle of ATC equipment (20 years).

The total value of the benefits resulting from the
NAS Program implementation is estimated at
$114.2 billion 1981 constant dollars (this assumes
procurement of 960 MLSs by the year 2000). This
represents the economic value of the pursuit of NAS
Plan goals to increase FAA productivity and reduce
workload while meeting demand with fewer
constraints, fuel efficiency and improved safety.

In addition to its economic value, the Plan will bring
technical modernization and sophistication to the
ATC system infrastructure, making it expandable,
more flexible and responsive to operators and users,
including operational preferences in human
engineered ATC automation.

AAS, AERA, and related projects such as the Voice
Switching and Control System (VSCS), Mode S,
Central Weather Processor (CWP), and the
Advanced Traffic Management System (TMS)
collectively account for the majority of airspace
system user efficiency benefits. Supporting these
hardware and software resources are the
surveillance capabilities provided by Mode S and an
improved radar network which provide more
accurate and comprehensive positional data for
improved traffic management. Weather projects
which contribute improved sensor detection and real-
time information dissemination capabilities are
other contributors to delay reductions. MLS and
AAS/AERA reduce procedural restrictions on
aircraft operating in and out of terminal airspace.

40



NAS safety record in the terminal environment by
meeting the growth in demand for precision
approach aids at newly qualifying runways by the
year 2000. Other NAS projects which make
substantial contributions are those which improve
aireraft surveillance, and provide enhanced weather
detection and information distribution. Mode S and
Air Route Surveillance Radar (ARSR 4) are among
the projects that increase the likelihood that conflict
situations will be identified and corrected before
aircraft are placed at risk. Projects such as the
Automated Weather Observing System (AWOS),
Next Generation Weather Radar (NEXRAD),
Terminal Doppler Weather Radar (TDWR), and the
Aeronautical Data Link monitor weather conditions

with operations involving adjacent facilities.

Airway Facilities (AF) maintenance costs will be
reduced through improved reliability and main-
tainability inherent in new or modernized hard-
ware/software (e.g., solid-state devices are
inherently more reliable than their vacuum tube
counterparts) and improved maintenance diag-
nostics that are designed into such facilities (i.e.,
built-in test equipment). These developments will
result in lower AF staffing requirements, reductions
in diagnostic and repair equipment requirements,
and elimination of parts inventories required to
support equipment that is no longer in production.
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NAS PLAN LIFECYCLE BENEFIT STREAMS
(PRIMARY BENEFIT)

OPERATIONS COST

Costs shown on the table below are in 1981 dollars and reflect the expected annual operations costs for each of
the years listed. Costs are in millions of dollars. Outyear estimates of operations costs are reviewed annually
and are subject to revision.

1981 1985 1990 2000

Air Traffic Personnel $ 847 $ 757 $ 856 $ 690
Airway Facilities Personnel $ 369 $ 330 $ 318 $ 264
Leased Communications $ 93 $ 130 $ 197 $ 356
Rents, Utilities, Other $ 102 $ 131 $ 195 $ 239
Totals $1,411 $ 1,348 $ 1,566 $ 1,549
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1integrated system. cable.

Ensure no degradation or loss of existing  The Plan requires annual funding in order to be exe-

services. cuted efficiently. There will be continuous Executive
and Legislative oversight, but a continuing
Improve services where deficiencies exist. commitment to the funding levels requested by the

President is necessary to execute the Plan.
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DEMAND ON THE SYSTEM




DEMAND ON THE SYSTEM

The United States National Airspace System is the
busiest and most complex in the world. The airspace
accommodates over 240,000 active civil and military
aircraft. Performance characteristics of these air-
craft vary widely and the missions flown have
differing impacts on the system. The overall trend is
toward the production of more sophisticated aircraft
which make greater use of controlled airspace and
the services which FAA provides.

The continuing growth in aircraft operations, diver-
sity of operations, number of aircraft, and sophisti-
cation of aircraft will place unprecedented demands
on the National Airspace System from now through
the turn of the century. In addition, the full effects of
the Deregulation Act of 1978 and the resulting
increase in competitive scheduling, lower prices, new
airline entries, and airport hubbing will continue to
place extra demands on the system. The safe and
efficient operation of the National Airspace System
will require improved services, new facilities for
system expansion, orderly replacement of aging
facilities, and provision of adequate airport capacity.

Despite its high level of safety, the National
Airspace System is not without difficulties. Problems
of expanding capacity at congested airports, the
provision of more direct routings, and the accommo-
dation of greater numbers of sophisticated aircraft
must be dealt with effectively.

GENERAL SYSTEM DEMAND

Forecasts indicate that demand in terms of aviation
activity will increase substantially in the next two
decades. Table I depicts the growth anticipated in
aviation demand for the years 1990, 1995, and 2000.

OPERATIONS AND ENPLANEMENTS

Aircraft operations, including takeoffs and landings
at all towered and nontowered airports in the
National Airport System Plan (NASP) (the fore-
runner to the National Plan of Integrated Airport
Systems (NPIAS)), were anticipated to grow by 45
percent between 1982 and 2000, with itinerant

operations increasing 64 percent. Itinerant opera-
tions refer to those aircraft departing to or arriving
from an area outside an airport’s local operating
area. A breakdown of aircraft operations for the
different types of civil airports can also be found in
Tables II and III. Table IV provides information
concerning military-owned and operated airports
Instrument operations represent a separation service
provided to aircraft while conducting flight in
accordance with instrument flight rules (IFR). In the
terminal area, IFR separation services are provided
either by the air route traffic control center (ARTCC)
or terminal approach facility, and are expected to
increase by 92 percent. Enroute service into and
from terminal areas is provided by the ARTCC and is
expected to increase by 71 percent. Flight service
station (FSS) operations, including pilot briefings,
flight plan origination, and aircraft contacted, will
decrease by 23 percent. Domestic enplanements
include all enplanements for the activity indicated,
regardless of airport type. Air carrier domestic
enplanements are expected to increase by 155
percent and commuter enplanements by 269 percent.

AIRCRAFT HOURS, FLEET, AND PILOTS

Air carrier hours flown are forecast to increase 120
percent, general aviation hours flown to increase 2
percent, and military hours flown to increase 13
percent. The number of air carrier aircraft will
increase by 92 percent, commuter aircraft by 50 per-
cent, general aviation by 3.7 percent, and the heli-
copter fleet by 47 percent (see Table1.)

The mix of the general aviation fleet will be altered
dramatically during this period. The single-engine
piston fleet, which normally operates visual flight
rules (VFR) below 12,000 feet, will decrease from
172,000 to 162,000 aircraft. The more sophisticated
twin-engine and turbine-powered aircraft will
comprise the fastest growing segment of the fixed-
wing fleet, increasing from 34,500 to 39,000 aircraft.
The number of pilots will increase by 3 percent, but
those with instrument ratings will grow by 22
pereent.



MILITARY AVIATION REQUIREMENT

Response to military requirements places special
demands on the National Airspace System, partic-
ularly in the en route airspace. The FAA also
provides approach control services for over half of the
233 military airfields in the United States. This
service is in addition to over 50 approach control
facilities and 180 control towers that are operated by
the military. The Department of Defense operates
over 20,000 aircraft within the National Airspace
System, flying approximately 6 million hours a year.
Over 90 percent of this flying is dedicated to training
missions. These training missions include high-
speed maneuvering flight in all altitude bands, with
increasing need for very low-level operations.

Increased air refueling activity, air drop missions,
and frequent large-scale joint exercises require close
coordination with civil traffic flows. The increased
speed, range, and capabilities of military flight
operations also indicate that a higher level of
demand will be placed on the National Airspace
System for training and testing, even though the

total number of military aircraft will remain

relatively constant. A relatively small amount of
airspace is reserved exclusively for military use.
Therefore, there will be a need for continued
coordination and improved navigation and air traffic
control service as growing civil aviation and military
aviation requirements must be accommodated
within common airspace.



TABLEI. TOTAL NATIONAL AIRSPACE SYSTEM ACTIVITY

Percent
Growth
1982 1985 1990 1995 2000 1982-2000

NPIAS Airports * 3195 3219 3472 3600 3750 174
Airport Operations (millions)

Aircraft Operations 1276 143.0 1461 1656 185.1 45.1

Itinerant Operations 68.0 78.8 86.0 98.9 111.6 64.1

Instrument Operations 31.7 38.7 477 55.1 61.0 92.4

Towered Airport Operations 50.6 579 64.0 72.5 80.2 58.5
ARTCC Operations (millions)

IFR Aircraft Handled 27.9 32.7 38.2 43.5 47.8 71.3

ACF Approach Control Operations** -—-- -—-- - ---- 61.0 -—--
FSS Service (millions) 62.4 52.9 442 46.4 48.2 (22.8)
Hours Flown (millions)

Air Carrier 6.1 7.4 10.6 12.0 13.4 119.7

General Aviation 371 36.2 344 36.7 38.6 2.4

Military ' 6.2 5.9 6.0 7.0 7.0 12.9
Domestic Enplanements
(Revenue Passenger) (millions)

Air Carrier 272.8 3504 4478 5704 6958 155.1

Commuter ’ 17.8 24.4 354 49.6 65.6 268.5
Aircraft Fleet (thousands)

Air Carrier 2.5 2.9 4.1 44 4.8 92.0

Commuter*** 14 1.5 1.8 2.0 2.1 50.0

Total General Aviation 213.3 2209 2167 2178 221.1 3.7

Civil Helicopter*** 7.0 71 7.1 8.7 10.3 47.1

Total Military 21.7 19.9 21.1 21.9 21.9 0.9

Military Helicopter**+* 9.7 7.3 8.9 9.2 9.2 (5.2)
Pilots (thousands)

Instrument Rated 2525 2566 2758 2954 308.0 22.0

Total Pilots 7642 7224 7158 756.8 7878 3.1

* Aircraft operations forecasts are based on the existing airports included in the National Plan of

Integrated Airport Systems (NPIAS).
** Approach control operations conducted for area control facilities equal the number of instrument
operations conducted by towers.
***  Civil Helicopter and Commuter Fleets are included in the Total General Aviation Fleet. Military
Helicopter Fleet is included in Total Military Fleet.



TABLEII. COMMERCIAL SERVICE AIRPORT ACTIVITY

Percent
Growth
1982 1985 1990 1995 2000 1982-2000
Large Hub Commercial Service*
Airports 24 28 29 31 32 33.3
Operations (millions) 8.2 11.1 12.4 14.6 16.1 96.3
Enplanements** (millions) 196.3 280.3 352.3 453.0 538.8 174.5
Based Aircraft (thousands) 2.4 3.5 31 3.2 3.6 50.0
Other Commercial Service***
Airports 521 518 534 537 556 . 6.7
Operations (millions) 53.8 40.0 48.7 57.5 66.5 23.6
Enplanements** (millions) 112.7 125.2 182.8 220.7 264.1 134.3
Based Aircraft (thousands) 61.0 60.3 57.8 58.3 60.4 (1.0)

Airports at which over 1 percent of total U.S. passengers are enplaned.
** Includes scheduled and nonscheduled traffic by domestic and foreign flag carriers, commuters, and air
taxis.

***  Airports receiving regularly scheduled service when 2,500 or more passengers are enplaned annually
(excludes large hub commercial airports).



TABLE IIIL

Reliever Airports
Airports
Operations (millions)
Based Aircraft (thousands)
General Aviation Airports
Airports
Operations (millions)

Based Aircraft (thousands)

Airports
Operations (millions)
Military

Civil

GENERAL AVIATION AIRPORT ACTIVITY

1982 1985 1990
202 227 275
20.0 26.6 31.0
443 55.5 63.6
2424 2440 2634
45.6 65.3 54.0
67.9 79.4 84.4

TABLE1V. MILITARY AIRPORTS

1982 1985 1990
233 233 233
24.7 26.7 28.6
21.7 23.1 24.3
3.0 3.5 43

ey
O
n

320
37.5

74.0

2712
56.0

73.8

1995

233
29.6
24.9

4.5

Percent
Growth
2000 1982-2000
340 68.3
435 117.5
78.6 77.4
2822 16.4
59.0 29.4
69.3 2.1
Percent
Growth
2000 1982-2000
233 00.0
305 23.5
25.5 17.5
4.6 53.3



AIRPORTS IN THE UNITED STATES

There are about 17,200 landing areas in the United
States, of which over 5,700 are open to the public.

Currently the nation’s most important civil airports
are included in the National Plan of Integrated
Airport Systems (NPIAS) prepared biannually by
the Federal Aviation Administration, consistent
with the Airport and Airway Improvement Act of
1982, as amended by the Airport and Airway Safety
and Capacity Improvement Act of 1987. The plan
includes the type and estimated costs of eligible
airport development work in coordination with the
National Airspace System Plan necessary to provide
a safe, efficient system of public-use airports.

OPERATIONS

Today, civil airports handle about 143 million air-
craft operations and enplane over 450 million
passengers. They accommodate over 240,000 air-
craft.

Airport development is largely the responsibility of
state and local governments. The Federal Govern-
ment participates in development at the request of
state and local governments through its airport
grant program and encourages airport planning and
development to enhance safety, reduce congestion,
and protect the environment.

Airport activity will increase substantially by the
year 2000. Accommodating this additional demand
will be more difficult in the future than it has been in
the past. Although most of the nation’s airports will
have adequate airside capacity through the turn of
the century, many of our key metropolitan areas are
now congested and many more are expected to
become congested before the turn of the century. In
many metropolitan areas, there is little or no reserve
capacity and the potential for airside expansion is
limited. Though only a relatively small percentage
of airports are involved, they handle a disproportion-
ately high percentage of scheduled passengers.
Today, the 28 largest commercial airports enplane
approximately 68 percent of all passengers. In
nonmetropolitan areas, needed capacity may usually
be obtained through conventional construction of
runways and associated taxiways.

The basic methods for adding airport capacity in
congested areas are:

® High speed turnoffs.
® Short commuter runways.
® New or improved pavement at existing airports.

® Procedural changes such as reduction in longitu-
dinal (in-trail) and lateral (e.g., separation
between centerlines of parallel runways) separa-
tion standards.

® Terminal area flow optimization.
® New airports.

Some increases in airport capacity will result from
FAA’s broad efforts to modernize the National
Airspace System which include improved techniques
for metering and controlling traffic flow and the
implementation of the microwave landing system.
Further increases in capacity and reductions in delay
may potentially be realized through the use of
converging instrument approaches, development of
short parallel runways for smaller aircraft, reduced
spacing between runways for independent instru-
ment flight rules (IFR) operations, and triple parallel
instrument approaches.

Together with emphasis on safety, these measures
will provide an important share, but not all, of the
required increase in airport system capacity.
Construction of new airports and new or improved
pavements at existing airports provide the largest
incremental gains to capacity. To the extent
possible, FAA is encouraging use of airport planning
and development grants for capacity-related projects
at airports that are now congested or are expected to
be congested within the next decade.

In some communities it will not be feasible to expand
existing airports to accommodate forecast demand.
Therefore, local and state governments must
consider the construction of new major airports. The
FAA will play an active role, as anticipated at
Denver, in supporting such studies and providing
local officials with appropriate aid to alleviate
adverse environmental impact and overcome finan-
cial obstacles. There are major obstacles to new
airport construction in metropolitan areas, but there
are also substantial gains to be achieved when new
procedures or airport improvements are made.
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Establishing new major airports involves large
financial, environmental, and land-use commit-
ments. When the new proposed airports replace
existing airports, large economic dislocations may
result. It is for these reasons that metropolitan
areas, when faced with overcrowded airports, seek
alternatives to new construction. These alternatives
can be broadly grouped as:

® Increasing the capacity and effiéiency of existing
airports through technical changes, scheduling
changes and/or possibly peak pricing.

® Encouraging the use of aircraft with greater
seating capacity.

® Increasing the use of existing secondary airports
within the hub.

Further increases in the capacity of existing airports
are possible through conventional construction (such
as new runways) when feasible, incorporation of new
and improved technology into the air traffic control
system and related areas, and use of improved and
innovative air traffic control procedures. Delays at
individual airports may also be reduced by local
authorities through spreading and/or meeting peak-
hour traffic through regulatory or economic devices
and encouraging the restructuring of airline service
patterns so that connecting flights are not
concentrated at afew large cities.

The second area for achieving increased capacity by
employing large aircraft has been a key factor in
accommodating growth for the past 20 years. The
average seating capacity of large commercial aircraft
has grown from less than 50 in 1950 to about 152
today. A significant part of projected passenger
growth will continue to be absorbed through the use
of larger aircraft. Adding more seats to existing
aircraft and higher load factors will also contribute.
Table II indicates that, at large airports, rate of
passenger growth is about twice the growth of
aircraft operations.

The severe aircraft delays experienced at certain
major hub airports illustrate the need for increased
airport capacity. Some increases in capacity can be
achieved through greater use of secondary airports.
To do this will require improving some reliever
airports and constructing new ones, as well as more
intensive use of existing second or third airports for
scheduled service. The following chart depicts the
number of airports that are presently congested

through the turn of the century, if additional
capacity is not provided through new construction or
implementation of capacity-enhancing programs.

Alleviation of congestion through demand reduction
by either economic or regulatory means is not
reflected. Priority will be given to research and
facilities projects which show promise of reducing
congestion at airports. Priority will also be given
under the airport grant program to projects which
may alleviate congestion.

The Airport and Airway Improvement Act of 1982 as
amended includes a restructured airport grant
program which provides an expanded program focus
on airport capacity enhancement as well as safety
improvements. Through a significantly enlarged
discretionary fund, incorporating a capacity set-
aside, the grant program will provide more funds for
projects which enhance system capacity. Airport
noise and reliever airport projects which expand
system capacity will also be eligible for these
discretionary funds. While enhanced airport safety
is the primary thrust of the annual airport grant
program proposal, the emphasis on airport system
capacity will allow gains in airspace capacity
through implementation of the NAS Plan to be
matched by gains in airport capacity.

FUTURE REQUIREMENTS

Facilities and equipment, both federally and locally
provided, will be needed in response to increases in
demand, the provision of new or improved services,
and the growth in number of airports. Figures
associated with the following maps illustrate the
anticipated distribution of airports, facilities, and
equipment in four time frames: 1981, 1985, 1990,
1995, and 2000. Figures are provided for each
airport type (large hub commercial service, other
commercial service, general aviation, and reliever).

The figures for each airport group show: (1) the
growth in airport quantities and demographics and
(2) the correlation of probability that particular
services will be provided with respect to the various
types of systems or equipment serving that type of
airport. Airports that do not meet FAA benefit/cost
criteria for approach guidance or air traffic control
services may be provided facilities through non-
federal sources. Additionally, airports which meet
FAA benefit/cost criteria for air traffic control
services may be more economically staffed through
contract services.
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SERVICES TO AIRPORTS

The following charts depict the congested airports;
past, current, and future distribution of airports; and
federal services provided, as well as those service
expansions expected from the implementation of the
programs described in the NAS Plan. Separate
charts are included for each category as defined
below.

Commercial Service Airport: A public airport which
is determined by the Secretary to enplane annually
2,500 or more passengers and receive scheduled
passenger service of aircraft. The commercial
service airports are further categorized as Primary
and Non-primary Commercial Service Airports
(based on Airport and Airway Improvement Act of
1982, as amended).

® Primary Airport: A commercial service airport
which is determined by the Secretary to have
10,000 or more passengers enplaned annually.

® Non-primary Commercial Service Airport: A
commercial service airport which is determined
by the Secretary to have between 2,500 and
9,999 passengers enplaned annually.

Reliever Airport: An airport including heliport,
designated by the Secretary as meeting criteria
developed by the Secretary, based on relieving
current or forecast congestion at a commercial ser-
vice airport and providing more general aviation
access to the overall community.

General Aviation Airport: This airport classification
is no longer defined as a separate category in the new
legislation; however, for the purposes that it is used
in this chapter, it is defined as all other airports
listed in the NPIAS that are not designated as
commercial service or reliever airports.

The Airport and Airway Improvement Act of 1982 as
amended adds a requirement for a report on
performance and conditions of the national system of
airports.

AIRPORTS TO EXPERIENCE SIGNIFICANT

CONGESTION
YEAR CO;‘EI‘;?,II‘&AL gf’,?fﬁg; TOTAL
1981 10 4 14
1985 17 — 8 25
1990 25 21 46
2000 67 51 118
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PRIMARY AIRPORTS

TOWER
YEAR wogmen | o | wene | we | onge | e | v

AIRPORTS EQUIP ONLY APPROACH VLSIII;QL APPROACH | PRECISION

AIDS AIDS APPROACH
AIDS
1981 279 0 0 25 8 74 172
1985 274 0 0 24 9 61 180
1990 * 414 0 0 89 4 103 218
1995 * 416 0 0 89 4 103 220
2000 * 422 0 0 88 4 100 230

*
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Primary airports were redefined, resulting in a change of 134 airports from non-primary to primary in
1990 and subsequent years.
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NON-PRIMARY COMMERCIAL SERVICE AIRPORTS

TOWER
VI
wasen | wo | s | VREY | wowen | TR S
YE AR Ampgn'rs EFAA AIDS RECISION VISUAL PRECISION AND
QUIP ONLY APPROACH AIDS APPROACH ]| PRECISION
AIDS AIDS APPROACH
AIDS
1981 493* 244 77 100 5 56 11
1985 272 57 43 107 5 49 11
1990 ** 143 32 12 99 0 0 0
1995 ** 151 21 15 115 0 0 0
2000 ** 166 0 15 151 0 0 0

* Between 1981 and 1985, approximately 190 commercial airports were redefined as general aviation.

** Primary airports were redefined resulting in a change of 134 airports from non-primary to primary in
1990 and subsequent years.
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RELIEVER AIRPORTS

TOWER

VISUAL TOWER TOWER RADAR
woen | o | v | A | menen | O |
YEAR AIRPORTS EQUIP oNLY | APPROACH v;slggn. APPROACH | prECISION
AIDS AIDS APPROACH
AIDS
1981 163 70 T 11 31 41 3
1985 227 100 17 24 25 20 41
1990 275 92 0 100 3 17 63
1995 320 86 31 120 3 18 62
2000 340 11 25 220 3 20 61
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GENERAL AVIATION AIRPORTS

VISUAL TOWER :?\gi:
NUMBER NO VISUAL AND Tﬁ:gn AND SERVICE
OF D PRECISION
YEAR AIRPORTS B!;?J?P gmj APPROACH vflg“s‘[‘ :};PE}E:)S&: PREACI:IS)ION
AIDS AIDS APPROACH
AIDS

1981 2228* | 2071 81 5 | 12 19 0
1985 2440 2195 148 67 8 17 5
1990 2634 2414 137 60 7 8 8
1995 2712 2425 186 80 5 10 6
2000 2822 2535 4 262 3 12 6
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* Between 1981 and 1985, approximately 190 commercial airports were redefined as general aviation.
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AIRBORNE EQUIPMENT UTILIZATION

Projected utilization of airborne equipment in the
next two decades is illustrated in Table V.

Navigation. Use of VORTAC, a co-located very
high frequency omnidirectional range (VOR)
station and ultra high frequency tactical air
navigation (TACAN) facility; area navigation,
VOR with distance measuring equipment
(DME); and, to a lesser extent, nondirectional
beacons (NDB) are expected to continue through
the end of the century. More advanced systems
for 4-dimensional area navigation (RNAV)
should become commonplace by the year 2000.
The use of satellite navigation will increase, but
still be too new to be in widespread use.

Communication. Use of very high frequency
(VHF) communications is anticipated to remain

I1-18

predominant throughout the period. By 2000,
there will be widespread use of the Mode S
transponder and data link system, VOR weather
data broadcasts, and high frequency (HF) data
link. Although not commonplace, satellite com-
munications will be on the increase.

Separation. The air traffic control radar beacon
system (ATCRBS) transponders will be replaced
by Mode S transponders. The traffic alert and
collision avoidance system (TCAS) will provide
airborne collision avoidance capability.

Landing Systems. The microwave landing
system (MLS) will replace the instrument
landing system (ILS) where needed as the stand-
ard for precision approaches. Area navigation
and Categories IIIA and B approaches are also
expected to be in increasing use.




TABLE V. UTILIZATION

NAVIGATION
VOR/VORTAC
SATELLITE NAV (GPS)
DME
INS
LORANC
NDB
RNAV
4DRNAV

COMMUNICATIONS & DATA LINK
VHF COMM
UHF COMM
HF COMM
MODE S
ACARS
SATELLITE
VHF WX DATA BROADCAST
HF DATA LINK

AIRCRAFT SEPARATION

TCASIII
TCASII
TCASI
ATCRBS
MODE S

LANDING SYSTEMS
MLS
ILS
ADF
VOR
RNAV
CATIIIA
CATIIIB

Legend:

D - Decreasing Use
I -Increasing Use
L. - Limited Use
N - Nonexistent
W - Widespread

1982

CrZEZ2E0E CESrrE2ZE

Z £ 2 2z

FrEEsS S

II-19

Y
O
00
(34

|

=2 E 2 E ~EE~~EZE

Z S22 2

'l il I~ N

ot
O
[fo]
(=]

FErSZ2s 0= ~ &8~ -5 2=

(il ol ol o

== EE

2000

EEEEEEC g

EE~EE S0

S EEE R



I1-20



CHAPTER III
ATC SYSTEMS




under the control of military or other facilities. The
centers provide separation service, traffic advisories,
and weather information to pilots while they are en
route between airports. Terminal air traffic control
facilities include airport traffic control towers
(ATCT), terminal radar approach control
(TRACON), and terminal radar approach control in
the tower cab (TRACAB). Airport traffic control
towers separate and sequence aircraft in the airspace
immediately surrounding airports and on the
airport’s surface. Approach control facilities provide
separation services to aircraft during the arrival and
departure phases of flights in a larger amount of
airspace surrounding airports. Flight service
stations offer a wide range of services to the large
general aviation public which would not otherwise
be available. Services include flight plan filing and
closing, preflight and in-flight weather briefings, en
route communications with pilots flying under visual
flight rules, and assistance to pilots in distress. This
chapter describes in detail the specific improvements
that must be made to en route, terminal, and flight
service station facilities in order to meet the
demands of air transportation between now and the
year 2000 in a manner which will not only improve

nents will be as follows:

® En route systems computers will be replaced,
more functions will be automated, communica-
tions will be modernized, traffic management
will be improved, and all functions will become
more highly integrated.

® Terminal systems will be upgraded and ex-
panded, software will be enhanced, communi-
cations will be improved/integrated, and some
functions will be consolidated.

® Flight service systems will be consolidated and
automated, weather information will be more
current and widely disseminated, and communi-
cations will be integrated with other elements of
the system.

The air traffic control system that is evolving from
this Plan will be totally integrated, will greatly im-
prove safety and efficiency, become more responsive
to user needs, and accommodate increasing demand
while minimizing costs.
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EN ROUTE

Commercial airlines and other aircraft flying under
instrument flight rules and not under the control of
military or terminal facilities are monitored by air
route traffic control centers. These centers control
an aircraft's route of flight between airports. They
provide separation services, traffic advisories, and
weather advisories. Aircraft flying under visual
flight rules are also monitored by these centers if
they are in an area that has radar coverage. In
addition, they assist aircraft in distress. The FAA en
route system is, of course, an integral part of this
country’s national defense system.

Another integral part of the en route system is the
Central Flow Control Facility. The Central Flow
Control Computer Complex was upgraded and
moved from Jacksonville, Florida, to the FAA
Technical Center in FY 84. The central flow control
operational facility is the ATC Command Center in
Washington, D.C. Central flow control serves as a
focal point for evaluating and approving traffic flow
redistribution and nationwide management of air
traffic flow. It also provides authority for initiating
systemwide flow control. Central flow control, asso-
ciated with the Airport Reservation Function (ARF),
relieves congestion at the busiest airports. When
associated with the Central Altitude Reservation
Function (CARF), it supports military operations
and provides coordination of other activities
requiring airspace protection. In times of emergency
or calamity affecting an air traffic control facility, it
also serves as the contingency command post (CCP)
for coordinating and supporting major realignments
of control responsibilities.

A typical center is responsible for more than 100,000
square miles of airspace and hundreds of miles of
airways in the sky, which are like electronic high-
ways to pilots. A current center's geographic area is
usually divided into 30 or more sectors with a team of
controllers responsible for each sector.

At the outset of the NAS Plan, there were 20 air
route traffic control centers in the continental
United States. There were four offshore centers
located at Anchorage, Honolulu, San Juan, and
Guam. The San Juan and Guam Centers were
combined center radar approach controls (CERAP).

SYSTEMS

The air traffic control system determined correct
aircraft separation based on radar data input. Flight
data was displayed on paper strips torn from flight
strip printers. Very high frequency (VHF) and ultra
high frequency (UHF) radios were used to provide
pilots with traffic advisories and route clearances.

Twenty en route centers used 9020 computers
developed in the 1960s to process radar and flight
data. Three offshore control centers used en route
automated radar tracking system (EARTS)
computers and one CERAP used a TPX-42 beacon
system to perform similar, but more limited, radar
processing. Despite their capabilities, the 9020
computer systems were inadequate for handling the
growth in aviation traffic beyond the late 1980s.

The en route center system was labor intensive. A
great deal of manual effort and input was required of
air traffic controllers. There were high hardware
and software maintenance costs associated with its
operation. Moreover, equipment manufacturers
could not provide parts indefinitely regardless of
cost.

Higher levels of automation were being developed to
reduce operational costs, improve safety, and provide
fuel savings for aircraft users. Implementation of
these enhancements was not possible because of
capacity limits. :

THE NEW APPROACH

The FAA's current en route modernization programs
are aimed at replacing existing air traffic control
computer systems with modern technology. New
software will be implemented to enhance safety and
increase productivity and permit the integration of a
number of functions now performed separately.
While somewhat costly, this program will provide for
and accommodate future enhancements which best
meet the FAA's objectives and, at the same time,
greatly benefit the users of the National Airspace
System (NAS).

-3



The new computer system is being designed for
approximately 100 percent functional availability
and reliability of services. Moreover, the new
computers, software programs, and displays now
being developed will be capable of providing both en
route and terminal services. This will enable the
agency to consolidate and reduce the number of
facilities needed. Airport traffic control towers will
still provide airport services; however, significant
savings in manpower, rents, utilities, and energy
costs will be realized. Use of the same system for en
route and terminal functions will also eliminate or
considerably diminish the present, somewhat arbi-
trary, demarcation of services and, thereby, reduce
operational overhead. Consolidation of TRACONSs
into area control facilities (ACF) will begin in the
mid-1990s.

The new air traffic control computers will provide
more reliable, safer services to the user; accommo-
date safety enhancements as they are developed; and
enable the agency to reduce manpower, training, and
logistics costs. Implementation of the automated en
route air traffic control (AERA) functions will
further enhance safety, controller productivity, and
fuel savings for the users.

The first step towards modernization is the
replacement of the 9020 central computer complex
with a host computer. (A host computer is a
replacement computer which uses existing software
from another computer system.) This host computer
is running the present 9020 software package with
minimal modifications. This provides immediate
relief from current capacity restrictions and provides
for projected air traffic growth until the advanced
automation system is in place. The first host
computer became operational at the Seattle ARTCC
in mid-1987. The final host computer system
became operational in June 1988.

In August, 1984, competitive contracts were awarded
to two companies for the design of new advanced
automation systems (AAS), including sector suites
with distributed processing computers. These
contracts provide for the design of replacement
software programs partitioned to run in centralized
computers and sector suites. In June, 1988, a critical
design review (CDR) was conducted by both
competing contractors. In July, 1988, the AAS
acquisition phase contract was awarded. Operations
requiring centralized processing will be accom-

plished in the centralized computers with all
remaining functions performed within the individual
sector suites. The designed reduced capability and
emergency modes of AAS operation and sector suite
processing capability will ensure that surveillance,
flight, and weather data are provided with near 100
percent functional reliability. The acquisition
approach minimizes the adverse impact of a major
technical and operational transition. Additional
safety and productivity functions will be included in
the new software.

A typical sector suite will consist of displays which
present a plan view of the current situation such as:
(1) position of aircraft, and real-time weather; (2)
electronic display of flight data (eliminating the need
for the manual flight strip processing); and (3) the
display of planning information and advanced
functions such as AERA.

The voice switching and control system will provide
automatic switching of communications. This capa-
bility will allow resectoring to meet demands.
Leased-line and equipment costs will be reduced and
permit eventual integration of voice and data com-
munications. This will further reduce transmission
costs.

The capability of the system to support both en route
and terminal functions allows for consolidation into
area control facilities. Standardization, flexibility,
and expandability of the system's design will allow
universal application, reduction of total operation
costs, and facilitate accommodations of future
requirements and enhancements.

The agency will enhance its flow control capabilities
to provide more coverage and prediction features for
the NAS. The long-range goal will be to couple this
traffic management capability with area control
facilities for total national flow management.

In summary, the FAA's present en route plans are
designed to evolve current air traffic control systems
into integrated systems designed to meet future
needs for greater capacity and reliability. With
higher levels of automation, present en route plans
will improve both safety and productivity. The new
system will be capable of providing both en route and
terminal services, thereby enabling the agency to
consolidate and reduce the total number of facilities
needed to do the job.
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HOW THE SYSTEM WILL EVOLVE
INITIAL EFFORTS (TO 1985)

Development of the integrated advanced air traffic
control system has begun. Development of interim
capabilities and systems required to smooth the
transition to the more highly automated system is
nearing completion. Implementation of improve-
ments required to ensure the continued safe and
reliable operation of the system in today’s
environment is well underway.

In mid-1984, contracts were awarded for the dual de-
sign competition phase of the advanced automation
system (AAS) project. Development of ergonomic
sector suites for area control facilities and airport
traffic control towers and advanced computer
processing capability began during this phase.

Development efforts of automated en route air traffic
control (AERA) functions (performed by the AAS)
are continuing. The system performance specifica-
tion for AERA 1 was completed in 1984. AERA 2
concepts have been defined and will be validated in
later phases of the program.

New voice communications switching capabilities
are needed which complement the radar and flight
data processing performed by the AAS to maximize
controller productivity in ACFs. The specifications
for VSCS prototype development have been
completed.

Systems and capabilities are needed to provide
processing capacity, improve safety, and improve
operational efficiency throughout the transition
period. The FAA has developed a replacement for its
9020 computers. A new host computer capable of
running slightly modified 9020 software programs
will provide the additional capacity needed to handle
the growth in air traffic expected in the 1980s and
improve system availability. Testing of competing
host computers was completed and an acquisition
contract was awarded in July 1985. Prototype soft-
ware enhancements which improve safety or effi-
ciency (en route metering, conflict resolution

advisory, and conflict alert instrument flight
rules/visual flight rules IFR/VFR) Mode C Intruder)
have been developed. Testing of these functions is
continuing. Implementation of these functions re-
quires the added computing capacity of host
computers.

Enhancements are also being provided for EARTS
locations. A contract has been awarded which
provides radar data mosaicking and conflict alert/
minimum safe altitude warning.

Automated assistance for oceanic ATC is also being
developed. A contract has been awarded for oceanic
display and planning systems which will allow con-
trollers to assign fuel-efficient routes and altitudes.

Also, during this period the agency began to improve
and expand the automated interfaces between en
route and terminal facilities. New flight data
equipment was installed and tested at the Technical
Center. The capability of the backup direct access
radar channel (DARC) is being expanded through a
contract awarded in 1982 to provide radar tracking,
automatic track initiation, mosaicking, full data
information tags and individual display switching.
This eliminates the need to use plastic markers
(shrimp boats), adjust displays to a horizontal
position, and switch six displays at one time to the
backup channel as was the case. A contract has been
awarded for additional software improvements,
which provide two way communications with the
prime channel computer.

The 9020 central flow control complex has been
replaced with an IBM 4341 computer with improved
software. Traffic management units within the
centers are being automated and the operational
work stations at the ATC Command Center
upgraded. The manual Central Altitude Reservation
Function (CARF) and Airport Reservation Function
(ARF) will also be automated at that time.

The project to replace cables, printed circuit boards,
and medium-speed printers associated with the 9020
system has been completed.
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Progress on these initial efforts has enabled the air
traffic control system to handle the growth in traffic
that has occurred during this period.

NEAR TERM (TO 1990)

During this period, the remaining 9020s will be
replaced by host computers. New flight data equip-
ment will be installed at centers and TRACONS to
improve flight data transfers. Software enhance-
ments improving system safety and fuel efficiency
will be implemented. Enhanced safety levels will
result through the implementation of IFR/VFR
conflict alert and conflict resolution advisory soft-
ware on the host computers. The implementation of
new en route metering capabilities will further
reduce delays and allow for optimized fuel-descent
profiles. The conflict alert IFR/VFR Mode C intruder
function has been implemented at all en route
facilities .

To further expedite the movement of traffic, 15 non-
radar control facilities have been integrated into
existing radar facilities.

Two VSCS prototype system contracts were awarded
in early FY 87. A VSCS production contract that
will meet the stringent requirements of an ATC
voice communications system and, at the same time
reduce lease service costs, will be awarded. AERA 2
functional specifications were completed in early
FY 86. Laboratory research and development
activities investigating performance and operational
applications of AERA 2 will continue during this
period. The AERA 3 concept was finalized in FY 88.

Several significant AAS activities occur during this
phase, including completion of design competition,
awarding of system acquisition contract and
completion of critical design reviews.

The foundation for transition to full AAS will have
been provided. This step will prepare the way for
additional integration of terminal and en route
functions within area control facilities and for higher
levels of automation when the full AAS is
implemented in the 1990s.

The Direct Access Radar Channel (DARC) enhance-
ments that provide radar tracking, mosaicking and
individual display switching will be implemented.
Implementation of the two-way prime channel/E-
DARC communication interface will begin. En
Route Automated Radar Tracking System (EARTS)
radar data mosaicking and Conflict Alert/Minimum
Safe Altitude Warning (CA/MSAW) enhancements
that will further improve safety and increase
capacity will be completed. System improvements
provided by Oceanic Display and Planning System
(ODAPS), and the replacement of flight data entry
and printout devices will become operational and
reduce FAA and user costs. An offshore flight data
processing system (OFDPS), consisting of modern
data processing equipment and associated adapted
software, will be procured and installed in the
Honolulu ARTCC. These activities will result in real
time data processing, improved system reliability,
and increased system capacity.

Construction, rehabilitation, and plant moderniza-
tion of ARTCCs and ACFs will provide for heating
and air conditioning replacements, upgraded electri-
cal systems, compliance with Occupational Safety
and Health Administration (OSHA) regulations,
energy conservation, and improvements to security
and roads.

The capabilities of central flow control will be
upgraded. Newly installed hardware and software
will enhance the ability to project and estimate NAS
traffic congestion and delay levels; provide this infor-
mation to users; and evaluate alternate flow
management strategies based on: arrival/departure
messages, capacity estimates from major terminals,
data input from the flight service data processing
system (FSDPS) on VFR flight plans, and input from
the aviation weather processor (AWP) for national
weather information.

A_foundation for greater Government and user
efficiency will be provided. The future capabilities
enabled by the advanced automation system will
allow the expanded use of area navigation, rapid
dissemination of control information, improved
flight planning, and oceanic probes.
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LONG TERM (TO 2000)

By the year 2000, a system wide advanced
automated en route air traffic control system will be
operational and the consolidation of TRACONSs into
area control facilities will have begun. The initial
sector suite functional capabilities, coupled with the
VSCS, will improve controller productivity and
reduce lease service costs. Installation of the
advanced automation system computers will provide
the foundation to perform TRACON operations from
ACFs. Implementation of the area control computer
complex (ACCC) function will set the stage for the
operational usage of automated en route air traffic
control and Mode S ATC data link communications.
Tower control computer complexes will be installed

and the area control facility concept will become a
reality. Also during this period, an advanced TMS,
which will perform all national level traffic
management functions, will be integrated with the
AAS. This fully integrated system will improve
traffic efficiency, minimize delays and be more
responsive to user requirements.

Services provided by this country’s future air traffic
control system will be significantly better and more
cost-effective. System reliability will be much
higher. The increased use of automation will signif-
icantly improve both safety and efficiency. Intro-
duction of more advanced automation functions into
the system will result in even greater fuel savings.
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IN 1981, 20 CONTIGUOUS UNITED STATES (CONUS) AIR ROUTE TRAFFIC CONTROL
CENTERS AND FIVE OFFSHORE CENTERS SUPPORTED U.S. DOMESTIC
AIRSPACE. IN THE SPRING OF 1983 THE PANAMA CERAP WAS TURNED OVER
TO THE PANAMANIAN GOVERNMENT. TODAY, THERE ARE 20 CONUS CENTERS,
AND CENTERS LOCATED IN ALASKA, HAWAII, PUERTO RICO, AND GUAM.

FLIGHT ADVISORY AREAS
* AIR ROUTE TRAFFIC CONTROL CENTERS (ARTCC)
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UNITED STATES (Mainland)

A
S <
HAWAII D

1981-1990 SYSTEM

ARTCC AND FLIGHT ADVISORY AREA
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BY THE YEAR 2000, AREA CONTROL FACILITIES WILL SUPPORT EN ROUTE AND

TERMINAL FUNCTIONS. ACTUAL LOCATIONS AND DATES MAY CHANGE AS PLANS
CONTINUE TO DEVELOP.
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HAWAII GUAM PUERTO RICO

2000 SYSTEM
AREA CONTROL FACILITIES
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BETWEEN 1981 AND 1984, SEVEN AIR ROUTE TRAFFIC CONTROL CENTERS
SUPPORTED OCEANIC FLIGHT IN U.S. CONTROLLED INTERNATIONAL FLIGHT
INFORMATION REGIONS.
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ANCHORAGE

NEW YORK

SAN JUAN

OAKLAND MIAMI

HOUSTON

SEVEN CENTERS SUPPORTING U.S. CONTROLLED
INTERNATIONAL FLIGHT INFORMATION REGIONS

1981 - 1984 SYSTEM
INTERNATIONAL FLIGHT INFORMATION REGIONS (FIR)
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IN 1985, THE GEOGRAPHIC AREA CONTROLLED BY EACH OF THE SEVEN ARTCCs
WAS REALIGNED TO MAXIMIZE PRODUCTIVITY AND TO PROVIDE FOR
IMPLEMENTATION OF THE OCEANIC DISPLAY AND PLANNING SYSTEM.
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NEW YORK

l{ nouuwwa |
%‘W ' SAN JUAN
XY OAKLAND

®
CD S ) HOUSTON

)

SEVEN CENTERS SUPPORTING U.S. CONTROLLED
INTERNATIONAL FLIGHT INFORMATION REGIONS

1985 - 1986 SYSTEM
INTERNATIONAL FLIGHT INFORMATION REGIONS (FiR)
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DURING THE PERIOD 1987-2000, THREE AIR ROUTE TRAFFIC CONTROL CENTERS
WILL SUPPORT U.S. CONTROLLED INTERNATIONAL FLIGHT INFORMATION
REGIONS. OCEANIC DISPLAY AND PLANNING SYSTEMS (ODAPS) FOR ATLANTIC
AND PACIFIC OPERATIONS WILL BE DEPLOYED PRIOR TO THE INTRODUCTION
OF AAS.
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THREE CENTERS SUPPORTING U.S. CONTROLLED INTERNATIONAL FLIGHT INFORMATION
REGIONS

1987 - 2000 SYSTEM
INTERNATIONAL FLIGHT INFORMATION REGIONS (FIR)
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RETURN ON THE INVESTMENT

As a result of these planned actions, an upgraded air
traffic control system will have been implemented.
This will serve as the basis for significant improve-
ments in air safety and will provide the reliability
and flexibility necessary for further automation.
These system improvements will allow for reductions
in maintenance staffing and a slower growth in the
number of air traffic controllers than would
otherwise occur.

FIELD EMPLOYMENT

During the next 11 years, the en route system will
undergo numerous changes in hardware, software,
and plant improvements. These changes will affect
both Air Traffic and Airway Facilities employment
as shown in the chart below:

18,000

17,000 —

16,000 —

15,000 —

14,000 —

13,000 —

12,000 —

11,000 —

10,000 I

1981 1985

1990

2000

CALENDAR YEAR

AIR TRAFFIC/AIRWAY FACILITIES EMPLOYMENT
(EN ROUTE/ACF SYSTEMS)
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SUMMARY OF FACILITY CHANGES

1981-Airway Facilities (AF) and Air Traffic (AT)
employment required a total of 12,124 people.

1985-Air Traffic employment decreased to 9,125
principally because of reductions made possible by
enhancing the direct access radar channel (DARC)
and resectoring en route airspace. A total AT and
AF work force of 11,109 was required to operate and
support facilities.

1990-Airway Facilities employment will decrease
due to the replacement of the central computer
complex and other equipment within the ARTCC.

2000-Air Traffic employment is estimated to
increase to 12,273. This apparent increase, however,
is offset by the decrease in employees previously
required for terminal radar approach controls
(TRACON) and other management initiatives. The
total AT employment for en route and terminal
facilities will actually decrease from 22,619 (in 1990)
to 18,737 due to consolidation of terminal and
enroute operations into area control facilities and the
capabilities of advanced automation.

Outyear estimates are reviewed annually and are
subject to revision.

EN ROUTE/ACF SYSTEMS
AIR TRAFFIC/AIRWAY FACILITIES EMPLOYMENT CHANGES
AND CORRESPONDING PERSONNEL COSTS

(1981 Dollars)
1981 1985 1990 2000

Operations (Millions) 27.3 32.7 38.2 478

Air Traffic Personnel 10,300 9,125 10,360 12,273
AT Productivity Quotient 2,650 3,584 3,687 3,895
Airway Facilities Personnel 1,824 1,984 1,602 1,391
AF Productivity Quotient 14,967 16,482 23,845 34,364
Total AT & AF Staffing 12,124 11,109 11,962 13,664
Air Traffic Personnel Costs (Thousands) $368,740 $326,675 $370,888 $439,373
Airway Facilities Personnel Costs (Thousands) $62,198 $67,654 $54,628 $47,433
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PROGRAM RELATIONSHIPS

The objective of the NAS Plan is the creation of a
fully integrated air traffic control and navigation
system capable of meeting the capacity, efficiency,
and air safety demands anticipated by the turn of the
century. Its projects are interrelated.

Implementation of the advanced automation system
and area control facilities, described in this section of
the Plan, will bring about major changes in the
methodology and hardware used in the terminal
environment. In the mid-1990s, the radar approach
control facilities will begin to be consolidated into
area control facilities supported by standardized
equipment. New tower control computer complexes
(the terminal component of the advanced automation
system) will be installed in towers. The AAS will
integrate en route and terminal air traffic control by
providing full access to traffic, flight, and weather
data bases available in ACF's.

The Flight Service and Weather Systems portion of
the Plan contains improvements required to moder-
nize flight and weather services which also affect en
route system performance. Foremost among them,
the central weather processor provides improved
weather products for ACF operations. Moreover,
guidance, surveillance, weather, and communica-
tions aids must receive upgrades and service
improvements (as described in Chapter IV) to
optimize system performance or provide the founda-
tion for service improvement through the next
decade.

Projects in Chapter V, Interfacility Communications
Systems, improve the reliability, efficiency, and cost-
effectiveness of communicating digital and voice
information between towers, ACFs, and remote
facilities. This chapter also implements television

microwave links needed to provide radar data to
satellite towers.

Chapter VI, Maintenance and Operations Support
Systems, describes improvements to maintenance,
flight inspection, and overall system support of the
NAS.

The projects in this section form a unified 3-phase
approach that has maintained reliable service, will
improve services in the near term, and modernize
service in the long term. Initial efforts included En
Route Automation Hardware Improvements and
Enhancements, and the first phase of the Traffic
Management System; these resolved immediate
problems, and allowed an evolutionary approach to
service improvement. Near-term projects will
provide for service improvements in continental,
offshore, and oceanic airspace.

Individual but related improvements in continental
services are derived from the implementation of
modern ATC host computer and dependent software
enhancements (en route metering, and conflict alert
IFR/VFR Mode C intruder), flight data entry and
printout devices replacement, enhanced DARC, and
the second phase of traffic management system
improvement. Improvement in offshore services is
derived from EARTS enhancements and an offshore
flight data processing system. Oceanic services are
improved by ODAPS.

Modernization of the air traffic control system will
occur with the establishment of area control facilities
and the implementation of automated en route air
traffic control (AERA). The capabilities of AAS and
the voice switching and control system are required
to establish ACFs and execute AERA functions.
Enhanced DARC and the host computer are required
to transition to the AAS.
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IMPLEMENTATION

PROJECTS
FIRST LAST
1. EnRoute Automation Hardware Improvements and Enhancements PROJECT 1986
COMPLETE
2. Flight Data Entry and Printout Devices 1988 1989
3. Direct Access Radar Channel (DARC) System 1986 1990
4. EARTS Enhancements 1987 1989
5. Oceanic Display and Planning System (ODAPS) 1989 1991
6. Traffic Management System (TMS) 1982 1994
7. Modern ATC Host Computer PROJECT 1988
COMPLETE
8. En Route Metering (ERM) COMBINED | WITH TMS
9. Conflict Resolution Advisory (CRA) Function 1993 1993
10. Conflict Alert IFR/VFR Mode C Intruder PROJECT 1988
COMPLETE
11. Voice Switching and Control System (VSCS) 1993 1995
12. Advanced Automation System (AAS) 1992 * 2000
13. Automated En Route Air Traffic Control (AERA) 1997 2001
14. Integration of Nonradar Approach Control into Radar Facilities PROJECT 1987
COMPLETE
15. Area Control Facilities (ACF) B 1996 2002
16. Offshore Flight Data Processing System (OFDPS) 1990 1990
* PAMRI

PROJECT SUMMARY
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PROJECT 2:
Devices

Flight Data Entry and Printout

Purpose: The flight data input/output (FDIO)
project will replace the existing flight data entry and
printout (FDEP) and en route flight strip printer
(FSP) systems and establish FDIOs at additional
airport locations. Replacements will result in a
reduction in manpower-intensive equipment and in a
savings of up to $3 million a year. New establish-
ments allow the automatic exchange of flight data
with the air route traffic control centers over tele-
phone lines. Automatic exchange is a vast improve-
ment over manual exchange which is time-con-
suming, can cause delays to air traffic, and can
create the potential for human error because the
flight plan information is copied by hand. New
establishments will result in a reduction in overall
manpower (operators and technicians) costs up to
$6 million a year.

Approach: A basic contract with multi-year
delivery requirements has been awarded. Initial
equipment deliveries began in 1986 and were
completed in mid 1987. The FDIO program consists
of ARTCC systems, systems for the FAA Academy
and the FAA Technical Center, 318 remote systems,
spare parts, documentation, engineering support
services, implementation plans, and test procedures.

SCHEDULE

Requirements for additional equipment components
will necessitate future year procurements. A rewrite
of a portion of the host software was necessary to
utilize the general purpose output/general purpose
input (GPO/GPI) adapters in lieu of the FDEP
adapters currently used. The software is required to
process data from both old and new systems
simultaneously during FDIO implementation.

Products: This program includes the replacement
of flight strip printers at: 23 ARTCCs, 318
ATCT/TRACONS, 108 military terminals, the FAA
Academy and the FAA Technical Center and the
establishment of new FDIO systems at each of these
facilities. Additionally, FDIO systems will be
utilized as integral components of ODAPS and
OFDPS.

Related Projects/Activities: OFDPS, ODAPS and
ATCT/ TRACON Relocation, Modernization, and
Establishment all require the new FDIO devices.
Modifications to host computer software is required
for interface with the FDIO system. DOD interfaces

"and requirements are included in the FAA's

contract. This project will require interfacility com-
munications service from NICS. Projects providing
that service include RML Replacement and Expan-
sion and Data Multiplexing.
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PROJECT 3: Direct Access Radar Channel (DARC)
System

Purpose: The current DARC system was in place in
all 9020 ARTCCs in June 1981. The DARC
enhancements upgrade the backup system to look
and function in a similar manner to the prime
channel computer. DARC enhancements provide
tracking, mosaicking, and real-time quality control
and will allow each controller to select either mode of
operation, prime channel computer or DARC, at the
radar console. The DARC enhancements improve
the safe and orderly transition from prime channel
operation. From the controllers' viewpoint, DARC
enhancements eliminate the use of mechanical radar
target markers and the need to move the plan view
display (PVD) to the horizontal position.

Approach: The DARC system is being
implemented in two phases. A contract for the first
phase of the DARC system enhancements was
awarded in early 1982 and provided for the
development, production, documentation, installa-
tion, and test of three turnkey systems. The
remaining systems were installed and tested by FAA
personnel in FY 86. The first system became
operational at the Seattle ARTCC in late 1986.

The DARC enhancements include system analysis
recorders for post air traffic incident review,
doubling memory and processing power by adding
plug compatible metal-oxide semiconductor memory
and microcomputer boards. Added enhancements
include tracking, automatic track initiation,
mosaicking, and real time quality control. Modified
display generator input/ output boards, cable
harnesses for individual PVD switching capability,
and fully automatic display processor and generator
sparing were provided.

Software delivered and tested by the contractor at
the FAA Technical Center and FAA Academy has
been baselined and distributed to a selected ARTCC
for key-site testing. Subsequent to key-site testing,
software was delivered to the remaining ARTCCs in
early 1987,

With the implementation of DARC Phase II, tracks
will be automatically initiated using flight plan
related data received from the prime channel
computer via a communications interface between
the prime channel computer and DARC. If the prime
channel computer becomes non-operational, DARC
will continue to track and display full data blocks. A
contract for the prime channel computer software
modifications was awarded in FY 84 and a similar
contract for the DARC software modifications was
awarded in early FY 86. The implementation of the
prime channel computer modifications will allow a
more transparent transition to DARC operation if
the prime channel fails. Two-way prime channel
computer/DARC interface software is now available
for inclusion in revisions to the host software.

Products: 22 DARC systems -- 20 for Host
ARTCCs, 1 for FAA Technical Center, and 1 for FAA
Academy. Prime channel computer/DARC interface
software.

Related Projects/Activities: Host, ISSS, and AAS.
The DARC will provide backup for periods of
transition to Host, ISSS and AAS. DARC will be
removed once AAS is operational. Improved weather
display capability will require DARC software
modification.
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SCHEDULE
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PRCJECT 4: EARTS Enhancements

Purpose: This project will enhance air safety and
increase ATC system capacity by providing radar
data mosaicking, conflict alert, and minimum safe
altitude warning for En Route Automated Radar
Tracking System (EARTS).

Increased radar coverage allows more efficient use of
airspace and reduces fuel consumption. The
mosaicking of radar data in EARTS allows recon-
figuring of the sectors at offshore centers resulting in
improved controller workload distribution. For FAA
to fully utilize the USAF's minimally attended radar
(MAR) in Alaska, changes and additions to the
EARTS hardware and software were necessary to
interface and accept the MAR generated digital
target reports and status messages.

Conflict alert (CA) and minimum safe altitude
warning (MSAW) capabilities will be provided to
alert air traffic control personnel to potential
hazardous in-flight conditions where less than
standard separation exists between aircraft, aircraft
and the ground, or aircraft and ground obstructions.

SCHEDULE

Approach: As the USAF's Alaskan Air Command
updates and provides narrowband data from its long-
range radars back to Anchorage, this data (search
and/or beacon) is provided to the Anchorage ARTCC.
EARTS was expanded and upgraded to utilize and
display this data effectively. Mosaic software has
been combined with MSAW/CA software. Delivery
and key site testing of the combined package at
Nellis AFB, San Juan, Honolulu and Anchorage
began in August 1987. The mosaic software portion
has been operationally implemented at each site.
MSAW/CA operational use will follow when training
is completed.

Products: Four upgraded operational EARTS.

Related Projects/Activities: The advanced auto-
mation system will replace the EARTS systems at
FAA locations. FAA must also incorporate modifica-
tions to the affected MAR units to improve beacon
target resolution performance. This project will
require interfacility communications service from
NICS. The Data Multiplexing project will provide
additional transmission network savings.
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PROJECT 5: Oceanic Display and Planning System
(ODAPS)

Purpose: ODAPS provides automation assistance
for oceanic ATC. Included is an automated conflict
probe which will assist controllers in the timely
identification and assignment of conflict free, fuel
efficient routes and altitudes. These fuel savings
will be realized without adverse impact on the ATC
system.

The current use of random tracks, inefficient flight
data posting, and unstructured traffic flow in the
oceanic flight information regions (FIR) limit air-
craft use of fuel-efficient altitudes. Oceanic control-
lers, confronted with an increasing number of ran-
dom flight tracks, are not able to visualize the spatial
relationships of aircraft from data presented on
flight progress strips. The maintenance of the strip
and plotting board displays and the methods for
transfer of flight data are labor-intensive and
antiquated. The major advancement made in the
oceanic air traffic control system during the past 30
years has been the automated printing of flight
progress strips.

interfaces with other ATC systems, including
ARINC high frequency (HF) data. The system will
operate until the advanced automation system is
implemented.

Products: The ODAPS contract was awarded in
FY85. Two systems have been procured for
installation in Oakland and New York ARTCCs.
Hardware for both systems was delivered in 1988.
The basic ODAPS software, without the conflict
probe capability, has been installed at Oakland and
is scheduled to be operational in 1989.
Enhancements to the Oakland software will be
developed and implemented at Oakland in late 1990.
The enhancements include conflict probe and many
improvements to the man-machine interface design.
After implementation is completed at Oakland, the
enhanced ODAPS software will be implemented in
New York and is scheduled to be operational in mid-
1991.

Related Projects/Activities:

¢ FDIO - used for ODAPS flight data entry and

display and an integral part of ODAPS.

The new system will compare the planned tracks and ® NADIN - will provide specific communications
altitudes of different aircraft and inform the services. '
controller whether the cruising altitude or route is
free from potential conflicts and when transitions ® AAS - will include requirements for oceanic
can be made. This function will allow controllers to automation.
honor more flight profile requests and create a safer
and more efficient environment in oceanic airspace. ® Modern ATC Host Computer - host monitor
software will be modified for use in ODAPS.

Approach: Provide oceanic automation systems
comprised of situation displays, processors, and

SCHEDULE

CY|81182]83]184|85|86 18718889190 91192193 ]94]95196]197]98 |99 |00

QN TRACT AWARD
F&E
-0
IMPLEMENTATION

IIT- 29



PROJECT 6: Traffic Management System (TMS)

Purpose: This project will upgrade the present flow
control system into a fully integrated traffic manage-
ment system (TMS) which will operate at the
national level through the Central Flow Control
Function (CFCF) at FAA headquarters and the local
level through traffic management units (TMU) in
each ARTCC and designated level 5 terminals and
later at ACFs. The upgrading of the traffic manage-
ment system is designed to improve air traffic system
efficiency, minimize delays, expand services, and be
more responsive to user requirements. Included in
the TMS are: Central Altitude Reservation Function
(CARF); Airport Reservation Function (ARF);
Emergency Operations Facility (EOF); Central Flow
Weather Service Unit (CFWSU); various flow
management programs with integrated en route
metering (ERM) functions, such as the departure
sequencing program (DSP), en route spacing
program (ESP), and the arrival sequencing program
(ASP); and the hardware and software necessary to
support them, including performance analysis/
evaluation functions.

Approach: The present flow control and altitude
reservation system will evolve using a multi-step
approach: (1) Phase I completed in FY 84, (2) Phase
II will be completed in FY 91. Additional functions
will be added in multiple steps aligned with the
concept developments evolving from the Advanced
Traffic Management System (ATMS) research and
development program. These steps will be completed
inFY 95.

Phase I included:

® Replacement of CFCF 9020A computer system at
Jacksonville, Florida, with the IBM 4341
computer located at the FAA Technical Center.

® Relocation of CARF and the automation staff to
FAA headquarters.

® Implementation of a data communications
system to interface users and NAS 9020 com-
puters at each ARTCC in a two-way data mode
interfacility flow control network (IFCN).

¢ Installation of upgraded data terminals in CFCF.

® Improvement of departure release time software
controlled departure times (CDTs).

¢ Implementation of static en route sector load
software (ELOD) at flight level 240 and above.

Phase II focuses on the following areas:

® Implement automated DSP at selected ARTCCs
and tower locations.

® Provide TMU automation new computer/termin-
nal systems.

® Replace central flow control computer (CFCC).

¢ Implement ATMS Monitor/Alert function for all
en route sectors as a replacement to static ELOD.

® Enhance controlled departure time (CDT)
software.

® Implement ATMS aircraft situation display
(ASD) in CFCF and TMU’s.

® Relocate CARF processors from the development
location to FAA Technical Center.

® [Establish data communications links with user
organizations and enhanced capability to
monitor equipment status of all operational
elements of TMS.

® Color graphics workstations (supplements mono-
chrome displays) hardware and software will be
located in the CFCF, FAA Technical Center,
TMUs, and EOF to enhance display processing of
data and to interface with the CFCC, IFCN and
prime channel computer.

® Provide stand-alone color weather radar displays
for the TMUs.

¢ Implement the ERM functions (formerly Project
8).

Following Phase II, ATMS automated demand

resolution, strategy evaluation and automated
message distribution functions will be implemented.

Products: The traffic management system will
provide integrated hardware and software that will
be highly responsive to existing and projected traffic
management situations. It will also assist traffic
management personnel in evaluating the impact of
various alternatives which may be employed for
resolving traffic management situations.
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Related Projects/Activities:
® Modern ATC Host Computer - The capacity of

the host computer is required for implementing
the ERM integrated DSP, ESP, and enhanced
ASP automation aids.

Weather Products - Provided by the Center
Weather Service Units (CWSU) via the
Meteorologist Weather Processor (MWP) and
the Central Flow Meteorologist Weather Pro-
cessor (CFMWP), respectively will be used by the
TMUs and CFCF to further enhance TMS
performance.

AAS - The traffic management system will
interface with the AAS for the exchange of traffic
information. AAS will perform many local
traffic management functions.

SCHEDULE

ATMS - The post Phase II steps will rely on the
products from the ATMS R&D project to define
the hardware and software required to imple-
ment those functions in the traffic management
system.

AERA - AERA will incorporate and execute the
en route metering and delay absorption plans
developed in the en route metering project.

NARACS - National Radio Communications
System - Used in an emergency, it provides
complete communications coverage with FAA
headquarters, regions, field facilities, and other
Government agencies.

NICS will provide interfacility communications.
Projects providing the switching and trans-
mission network include NADIN, RML Replace-
ment and Expansion, and Data Multiplexing.
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PROJECT 9: Conflict Resolution Advisory (CRA)
Function

Purpose: This project will provide automated
assistance to en route radar controllers in resolving
potential violations of minimum separation
standards. The conflict resolution advisory function
will provide the radar controller with a display of
several alternative solutions to potential conflicts
which have been detected by the Conflict Alert (CA)
function. The prime objective of conflict resolution
advisories is to assist the radar controller in
resolving potential conflicts. This results in
reducing the number of operational errors.

Approach: Using functional specifications, a
support contractor has designed, programmed and
tested a prototype to incorporate the conflict resolu-
tion advisory function into the operational en route
computer program. The prototype demonstrated the

SCHEDULE

feasibility of CRA. The operational program is now
being developed based on the data obtained from the
prototype effort.

CRA will be implemented for evaluation by selected
sites in the A4e0.5 host software release. Following
the field evaluation and any modifications that may
result, the operational CRA program will be
implemented in the A4e0.6 host software release.

Products: One computer program adaptable for use
at 20 host-equipped air route traffic control centers.

Related Projects/Activities: Conflict Alert/Mode C
Intruder functions to be implemented in the A4e0.4
host software release are prerequisites for CRA
implementation. Conflict Resolution Advisory
implementation is a transitional step toward a
similar function in the AAS.
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PROJECT 10:
Intruder

Confliet Alert IFR/VFR Mode C

Purpose: This project will provide computer
assistance to en route radar controllers to identify
potential conflict situations between IFR aircraft
and VFR Mode C-equipped aircraft. The conflict
alert IFR/VFR Mode C intruder function is an
enhancement to the conflict alert function currently
in use in the en route system. This software
enhancement extends the conflict alert functions to
include cases where IFR aircraft are approaching
potential conflict situations with VFR aircraft that
are equipped with altitude reporting (Mode C)
transponders.

Approach: Software to perform this function has
been developed and delivered for incorporation into
the NAS en route automation system, first in the
9020 and then in a revision of the host software. The
Mode C intruder function was installed into the Fort
Worth ARTCC host in May 1988,

Products: One computer program adapted for use
at 20 host-equipped air route traffic control centers.

Related Projects/Activities: The Conflict
Resolution Advisory function will use the output of
the Mode C Intruder function. The host computer

software has been revised to implement Conﬂlct
Alert IFR/VFR Mode C Intruder.

PROJECT COMPLETE

SCHEDULE
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PROJECT 11: Voice Switching and Control System
(VSCS)

Purpose: This project will provide a voice
communications system which performs the inter-
com, interphone, and air-ground voice connectivity
and control functions needed for air traffic control
operations in an ARTCC and an ACF. The VSCS
must satisfy the voice communications reconfigura-
tion and service availability needs of the ACFs,
reduce leased service costs, increase modularity and
growth capability, and increase controller producti-
vity.

Approach: The VSCS will use existing off-the-shelf
technology adapted to meet FAA requirements. Two
competing prototype systems will be produced and
evaluated prior to award of a contract for the final 24
systems. The winning system at the FAA Technical
Center (FAATC) will be upgraded to production
specifications. The VSCS contractor will design
position equipment compatible with the man-
machine interface used today in ARTCCs. The VSCS
position equipment will also be compatible with the
man-machine interface of the sector suite. The AAS
contractor will position the voice communications
equipment and display devices to best fit the total
man-machine interface and console design. An
interface is required with the AAS for reconfigura-
tion and status reporting purposes. A set of pre-
determined reconfiguration maps will be embedded
in the VSCS. Capability to modify or create new
reconfiguration maps from designated VSCS
positions shall be provided.

In FY 84, VSCS operational requirements were
finalized. The VSCS prototype systems contracts
were awarded in early FY 87.

Following prototype demonstrations, a production
contract award is planned in FY 90. After being
upgraded to production specifications, the FAATC
equipment will be integrated and tested prior to
commencing field deliveries. VSCS will be imple-
mented in the existing ARTCC consoles prior to
implementation of the initial sector suite system

(ISSS).
Products:

® One system per ACF, and position equipment for
each operational control position.

® One system for the FAA Technical Center and
one for the FAA Academy.

Related Projects/Activities:

® VSCS must be available and installed prior to
the initial sector suite implementation.

® Radio Control Equipment — Performs the radio
channel signaling and control functions to
support ground/air voice communications.

® Multichannel Voice Recorders - To record all
voice communications between air traffic con-
trollers and pilots.

® AAS - Interfaces with the VSCS for configura-
tion status and control data.

. This project will require interfacility communi-

cations service from the NAS interfacility communi-
cations system (NICS). The project providing the
required transmission network service is the RML
Replacement and Expansion.
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PROJECT 12:
(AAS)

Advanced Automation System

Purpose: The advanced automation system will
provide a new automation system that includes im-
proved controller work stations, computer software,
and processors. The advanced automation system
will provide: the capacity to handle the projected
traffic load through the 1990s and beyond; the
capability to perform the new functions to be
introduced into the ATC system through the 1990s;
increased productivity through introduction of new
sector suites; a high degree of reliability and
availability; and the capability for enhancement to
perform other functions subsequently introduced
into the system.

Approach: The advanced automation system
design is essentially complete. It was designed
through a top down, evolutionary, total system
approach that paralleled the host computer
development and deployment. Controller sector
suites will consist of common consoles used for both
en route and terminal functions. They will
incorporate an improved man-machine interface,
including the use of color displays and electronic
presentation of flight data to enhance controller
productivity. The advanced automation system will
make possible the full integration of en route and
terminal operations in the area control facilities.

Transition to the AAS will consist of five steps: 1)
implementation of the Peripheral Adapter Module
Replacement Item (PAMRI) and Coded Time Source
(CTS); 2) implementation of the initial sector suite
system (ISSS) to provide new controller work
stations; 3) implementation of terminal advanced
automation (TAA) functions using AAS hardware
and software; 4) implementation of tower control
computer complexes (TCCC); and 5) implementation
of Area Control Computer Complex (ACCC) for the
remaining AAS en route functions.

Step one, implementation of the PAMRI and the
concurrent implementation of the CTS will be
completed prior to ISSS equipment delivery. The
PAMRI includes replacement of the PAM, Data
Receiving Group (DRG) and radar multiplexor
(RMUX) equipment. This will provide an enhanced
ability to interface with additional radars, and will
provide a capability for use of higher data trans-
mission rates for radar site interfaces.

In the second step, the initial sector suites will be
installed in en route facilities served by the host

computers. Installation requires a sterile environ-
ment previously provided by the expansion of
ARTCC buildings to accommodate the host computer
and by reclaiming a part of the existing control room.
After transition to the initial sector suite system, the
old control room will be refurbished to accommodate
additional sector suites necessary for terminal
consolidation.

The third step will be implementation of the TAA for
TRACON functions. AAS processors, and additional
sector suites will be introduced. Software functions
required to process terminal radar inputs and
provide arrival and departure control of terminal
traffic will be implemented.

The fourth step will be the installation of TCCCs in
selected airport traffic control towers. TCCCs will be
installed over an extended period, beginning when
arrival/departure control is provided by TAAs.

The fifth step in the evolution to full AAS is the
addition of software to perform en route functions in
ACFs. Additional sector suites will be installed to
enable conversion of ARTCCs into ACFs. The
hardware/software associated with this step will be

referred to as the area control computer complex
(ACCO).

In FY 84, two design competition contracts were
awarded. The acquisition phase contract was
awarded in July 1988. An incremental production
commitment for each of the above steps will be made
only upon completion of FAA acceptance and
operational suitability tests at the FAA Technical
Center.

Products: The scope of the AAS project includes
construction and site preparation that is specifically
required for the implementation of the AAS at area
control facilities.

® Advanced automation system design.

® Advanced automation system software for both
terminal and en route ATC operations.

® Advanced automation system computer hard-
ware,

® [ISSS (20 CONUS ARTCCs).
e TAA (at CONUS locations).

® ACCC (ACFs - including Anchorage, Honoluluy,
and the New York TRACON).

® TCCC (up to 258 towers).
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® Support Systems at the FAATC and the
Aeronautical Center,

Related Projects/Activities: The modern ATC host
computer project was the first transitional step of the
advanced automation program. Past development
projects provided input to the sector suite and TCCC
position console designs. The AAS is the automation
system for the ACFs. The VSCS and Tower
Communications System projects will provide the
voice switching and communications necessary for
AAS implementation.

The AAS en route software will include AERA 1
functions and facilitate later implementation of
AERA 2/3 functions. The DARC enhancements are
required in CONUS ARTCCs for the transition to
AAS and will be removed following AAS implemen-
tation. CWP, DLP, Mode S, Traffic Management
System, TDWR and RMMS are related projects.
This project will require interfacility communi-
cations service from NICS. Projects providing the
required switching and transmission network
service include NADIN, RML Replacement and
Expansion, and Data Multiplexing.

PROJECT UNDER REVIEW
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PROJECT 13: Automated En Route Air Traffic
Control (AERA)

Purpose: This project will provide interactive
software for use by the area control facility to plan
and monitor the 4-dimensional flow of air traffic.
Specifically, AERA will: (1) permit most aircraft on
IFR flight plans to fly fuel-efficient profiles, (2)
increase safety of the system by reducing the poten-
tial for operational errors, (3) increase system capa-
city by integrating en route metering with local and
national flow control, and (4) increase controller
productivity by increasing the number of aircraft
and volume of airspace that a control team can safely
manage.

Approach: AERA will be developed in three
implementation packages -- AERA 1, AERA 2, and
AERA 3. AERA 1, designed primarily to provide
user benefits, will be delivered with the area control
computer complex (ACCC) software and will be used
operationally approximately six months after ACCC
implementation. AERA 1 is based on developing a 4-
D flight path trajectory estimation model to support
such features as:

¢ Flight plan conflict probe which will predict
potential violations of separation standards
between aircraft and between aircraft and
special use (e.g., restricted) airspace.

® Sector workload analysis which will caleulate
and display personnel workload measures to
supervisors and specialists to assist them in
balancing sector staffing levels.

¢ Trial flight plan function which will allow
controllers to evaluate alternative clearances
prior to issuing them to aircraft.

® Reconformance aid which will assist controllers
in reestablishing aircraft conformance with their
flight plan positions.

¢ Reminder funection which will assist controllers
by reminding them of planned actions.

AERA 2 will be the first enhancement to the ACCC
and is aimed primarily at increasing controller pro-
ductivity. It will extend the AERA 1 functions from
detecting potential conflicts to providing the control-
ler with resolutions. It will also extend the planned
action advisory function to include all planned

actions, such as planned conflict resolutions, meter-
ing actions, etc., and introduce the concept of
computer-generated data link clearances.

AERA 3 represents the final AERA development
step and is intended to extend the AERA capability
from automatic clearance generation to automatic
clearance delivery via data link.

Each AERA development package will undergo a
series of rigorous engineering and validation steps
consisting of algorithmic development, operational
suitability evaluations, computer performance
functional specification development, and field
implementation.

Products: Functional specifications for the AERA 1
functions were completed in FY 84. AERA 1
research and development was completed in early
FY 85 and operational development will be accom-
plished as part of the advanced automation system.
AERA 2 functional specifications were completed in
FY 86. The next step in AERA 2 will be to develop
performance and detailed algorithmic specifications.
Then software will be prepared for ATC laboratory
simulations to evaluate operational suitability.
AERA 2 operational software will be finalized after
operational suitability has been demonstrated. The
AERA 3 concept was refined in FY 89 and the
development of AERA 3 algorithms has been
initiated. The contract to develop prototype versions
of AERA 3 is scheduled to be awarded in FY 94 . The
prototype software will be evaluated at FAATC and
this will lead to the development of production level
specifications in FY 97.

Related Projects/Activities:

® Advanced Automation System (AAS) - The AAS
will include AERA 1 functions and facilitate
later implementation of AERA 2 and AERA 3

- functions.

® Traffic Management System - AERA will pro-
vide key en route traffic conditions and predic-
tion data to the traffic management system. The
upgraded traffic management system will be
integrated with AERA to keep both short and
long-term traffic planning coordinated.

® Data Link - Interfaced through AAS, will
provide automated controller/ pilot data and
advisory interchange.
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Weather projects - Products provided by the is currently available, provided by the weather
Central Weather Processor (CWP) will be projects, will improve AERA performance.
utilized by AERA. More accurate wind data than

PROJECT UNDER REVIEW
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PROJECT 15: Area Control Facilities (ACF)

Purpose: This project will improve air traffic control
service to users, increase Air Traffic personnel
capabilities, and absorb growth through
consolidation of air traffic control facilities. Addi-
tionally, creation of ACF's improves productivity and
minimizes the cost of providing identical advanced
automated features to en route and terminal
controllers at a large number of facilities.

ACFs will have boundaries based upon operational
need and traffic flow throughout large geographical
areas. The airspace associated with the ACFs will
evolve from the current boundaries to more appro-
priate boundaries that will better accommodate the
users of the national airspace system. Once full ACF
implementation is achieved and the ACF environ-
ment encompasses all programmed terminal and en
route airspace, the ACF boundaries can be refined in
a carefully evaluated and synergistic fashion. This
evolution has no predetermined length, but will
maximize both the new technology and the efficiency
of operation which will be gained through the
consolidation of the terminal approach controls.
ACFs will provide en route air traffic control and
terminal arrival/departure operations as a result of
facility consolidations. The ACF program does not
affect the establishment or disestablishment of
control towers, but will allow a full range of radar
services to all terminal radar sites and provide full
time service to all networked locations.

Approach: There are many programs/projects
progressing concurrently in the en route, terminal,
and flight service areas which will culminate in the
establishment of area control facilities. The thrust of
the ACF project is directed towards maximizing the
capabilities of technological advances created by
these programs/projects to provide even higher levels
of safety, service, and efficiency in the operation and
use of the ATC system. The ACF project will be
accomplished in two phases:

Phase I - ACF pre-commissioning activities consist of
those activities that are necessary prior to the
establishment of ACFs. Major activities will include:

® ACF airspace designs.
® Upgrading environmental systems.

¢ Expanding and upgrading administrative and
support areas.

® Monitoring and coordinating development and
installation of required NAS equipment, e.g ,
AAS, VSCS, RCL.

® Upgrading vacated electronic equipment rooms.
® Increasing facility security.

® Modification/reconfiguration/relocation of cer-
tain existing systems to satisfy ACF require-
ments.

Phase I began in 1988 and is scheduled to be
completed in 1995.

Phase II - ACF establishment activities consist of
relocation/consolidation of TRACONS and the nec-
essary remoting of radar interfaces and communica-
tions. Also during this time frame, the refurbish-
ment of the space vacated by the relocated
TRACONSs and the modernization of the remaining
tower cabs to receive tower control computer com-
plexes will be completed. Revalidation of the ACF
configuration is underway, based on the changing re-
quirements, security and vulnerability assessments,
and optimum functional distribution. Results will be
reflected in the next update.

Products: Twenty-three area control facilities will
provide arrival, departure, and en route control func-
tions resulting in more efficient/effective air traffic
control.

Related Projects/Activities: ARTCC Building Ex-
pansion/Modernization, Power Systems, Advanced
Automation System (AAS), radar remoting and
digitizing, VSCS, DLP, navaids networking, military
liaison, weather programs, e.g. CWP and main-
tenance control centers. This project will require
interfacility communications service from NICS.
Projects providing the required switching and
transmission network service include NADIN, RML
Replacement and Expansion, and Data Multi-
plexing.
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PROJECT 16: Offshore Flight Data Processing
System (OFDPS)

Purpose: This project will replace the compact
flight data processing system (CFDPS) currently in
use at the Honolulu ARTCC. The CFDPS consists of
obsolete data processing equipment. The system is
labor-intensive, provides limited functions with
limited interfaces in nonreal time, uses outmoded
equipment that is operating at capacity, is reaching
the point where software and hardware support are
diminishing, and, thus, is only marginally reliable.
The replacement system will consist of modern
equipment and associated software which will
provide real-time enhanced functional capabilities,
including comprehensive flight data processing,
needed interfaces, system reliability, increased
system capacity, and flexibility, while ensuring that
safety is maintained.

Approach: An automated flight data processing
system is being developed which will combine the
flight data input/output (FDIO) system with a duplex
flight data processing system (FDPS). The FDIO
system will be used for data entry and display, while
the FDPS will be used to process flight data.

SCHEDULE

The OFDPS duplex system will consist of redundant
computers for flight data processing with a
communications subsystem composed of redundant
processors to provide the necessary interfaces with
other systems. The adaptation software will permit
modifications to satisfy Honolulu ARTCC site-
specific requirements.

Products: One upgraded offshore flight data
processing system.

Related Projects/Activities:

® FDIO equipment is scheduled for delivery to the
Honolulu ARTCC and associated terminals.
Operational use of OFDPS depends on the
implementation of the OFDPS/FDIO software
interface.

® This project will require interfacility communi-
cations service from NICS. Projects providing
the required switching and transmission net-
work service include NADIN and Data Multi-
plexing.
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sequence aircraft in the traffic pattern, expedite
arrivals and departures, separate aircraft on the
landing areas, and provide clearance and weather
information to pilots.

The second most common are the TRACONSs that
control airspace around airports with moderate-to-
high density traffic. TRACON controllers separate
and sequence both arriving and departing flights.
Normally, each TRACON is associated with one
ATCT and located within the same building.
However, a TRACON may be remotely located and
may serve more than one ATCT. The third type, the
TRACAB, serves a function similar to that of the
TRACON. TRACABEs are located within tower cabs
at airports with lower density traffic.

All terminal air traffic control facilities are equipped
with radio commuanications to aircraft; have tele-
phone communications to air route traffic control
centers and flight service stations; and have a
variety of equipment for observing, detecting,
receiving, and displaying weather information.
Radios and telephones are major tools of the terminal
controller.

Terminal ground-to-air communications are
conducted with VHF or UHF transmitters and re-
ceivers. Current ATC ground-to-air communications
require many frequency changes as aircraft move
through the system. Terminal ground-to-ground
communications use a variety of old switching
systems. These systems are leased and range in
complexity from simple systems used in many small
ATCTs to Western Electric 301 and 301A systems
used at TRACONS. Initial efforts for improving the
terminal and other communication systems are
covered in the Flight Service and Ground-to-Air
chapters.

At qualifying terminal ATC facilities, computers are
used to relieve the controller of routine tasks and
give the controller information that assists in

I T S R e

the terminal automation systems. It is a non-
programmable, numeric beacon decoder system.
That is, information from an aircraft's transponder is
decoded and displayed for the controller in numeric
form along with normal radar data. It provides
aircraft transponder code and altitude information
for suitably equipped aircraft. TPX 42 is used at
lower activity terminal radar facilities.

The automated radar terminal system (ARTS II) is a
programmable, nontracking data processing system.
Although it does not provide tracking, the ARTS II
does provide meaningful information such as aircraft
identification and altitude to the controller. Like
TPX 42, ARTS II derives its information only from
the aircraft's transponder. ARTS II can be interfaced
with the ARTCC computer for the automatic
exchange of information. ARTS II is used for
facilities having low-to-medium activity. At present,
ARTS II has no unique software other than minor
adaptations to the basic operational program.

The automated radar terminal system (ARTS III) is a
programmable beacon tracking system. Based on
information from the aircraft's transponder, the
ARTS III detects, tracks, and predicts the position of
aircraft in the terminal area. The information is
displayed on the controller's radar scope by means of
computer-generated symbols and alphanumeric
characters, along with normal radar data. The
computer displays aircraft identification, altitude,
ground speed, and flight plan data. In addition, the
ARTS III is interfaced with the ARTCC computer
allowing the computers to exchange information.

At present, ARTS III is installed at medium-to-high
activity terminal facilities. Currently, there are two
unique features provided by ARTS III through
software. The first is the minimum safe altitude
warning (MSAW). MSAW is a function of the
ARTSIII computer that will alert the controller
when a tracked aircraft, with altitude reporting
capability, is below or is predicted by the computer to
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candidates for computer processing. Like ARTS III,
ARTS IIIA interfaces with the ARTCC computer and
contains the unique software features of MSAW and
conflict alert.

Flight data entry and printout (FDEP) provides an
automated means of printing terminal flight
progress strips. FDEP equipment interfaces with the
ARTCC computer and is used extensively
throughout the system to exchange flight data
automatically between ARTCCs and terminal
approach control facilities and associated control
towers.

Bright radar indicator tower equipment (BRITE) is a
supplemental radar display and alphanumeric
system designed for use in the bright light environ-
ment of the ATCT cab.

The current terminal ATC system consists of over
400 ATCTs and nearly 200 TRACON/TRACAB:s.

THE NEW APPROACH

The objectives of the terminal system improvement
plan are to maintain a very high level of safety;
impose minimum constraints consistent with
efficient use of the system; and, at the same time,
minimize FAA operations costs. This involves
extended use of automation and reduction of
required air traffic control facilities.

For the initial effort, the new approach means
making hardware and software improvements to
existing ARTS automation systems and improve-
ments to the supporting facilities and voice commu-
nication switching systems.

productivity. The TRACONs and TRACABs which
currently exist will be consolidated into area control
facilities (ACFs). This will blend the separate
functions of terminal and en route air traffic control
into ACF's. Supporting ATCTs will remain. Facility
consolidation is expected to reduce the flight coordi-
nation between pilots and controllers and result in
significant savings in equipment, personnel, and
operating costs. Upgrading automation and voice
communication switching will be the cornerstones of
facility consolidation.

The advanced automation system (AAS) in the ACF's
will support both en route and radar approach
control functions. The sector suites used for radar
approach control will be identical to those used in en
route air traffic control.

Tower control computer complexes (TCCCs) will be
developed for ATCT use. Area control facility sector
suite components will be used to the maximum
extent possible, but will have unique display
characteristics for use in the space-limited, high-
intensity light environment of the ATCT cab. TCCCs
will satisfy the tower requirements for radar position
display, intent and identity information, flight data,
weather data, and flow planning information.

The consolidation of these TRACONs and TRACABs
into the ACFs will improve air traffic productivity
and provide significant cost-savings by eliminating
multiple life-cycle costs for operation, training, sup-
ply support, engineering, and software associated
with ARTS systems. )
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Additional ARTS II displays were provided for eight
locations. ARTS III memory was expanded at initial
locations to provide capacity for traffic growth. The
capability to hand off aircraft and transfer flight
data automatically between ARTS II and ARTCC
facilities was added to reduce controller workload at
most facilities. An automated ATC capability in the
R-2508 restricted area of California was created to
prevent midair collision of civil and military aircraft.
The first integrated communications switching
system (ICSS) was provided to decrease leased com-
munications costs. Additional power conditioning
systems were installed at ARTS III locations to
improve reliability. A second ARTS system and a
modernized software assembly system were installed
at the FAA Technical Center to sustain the system
support functions. Research and development were
begun on the advanced automation system, includ-
ing the unique features required of the tower suites.

NEAR TERM (TO 1990)

Design of ARTCC modifications and expansions to
accept ACFs has begun.

Upgrading of ARTS IIs and replacement of TPX 42s
to provide tracking capability and software for
conflict alert and MSAW has begun. Enhanced
conflict alert for ARTS IIIA and the New York
TRACON is being implemented. All ARTS IIs (with
the exception of Hawaii and Alaska) have been

improvements to tne New York 1RACOIN auto-
mation system to sustain operations with increased
capacity are underway.

Construction for consolidated area control facilities
will be underway. Research and development will be
completed for sector suites, TCCCs, and voice
switching and control systems. ATCT relocations
and modernization will continue along with research
into flow management. Modification of ARTS IIA
facilities at airports served by ASR 9/Mode S
surveillance systems to accept higher quality Mode S
data and digitized radar input will be underway.

LONG TERM (TO 2000)

Over the long